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PREFACE 
T h i s  volume i s  t h e  f i r s t  o f  t w o  C o l l a b o r a t i v e  P a p e r s  which  
c o n t a i n  t h e  t e c h n i c a l  p a p e r s  p r e s e n t e d  a t  a n  IIASA S e m i n a r  u n d e r  
t h e  g e n e r i c  t i t l e  ' C o a l :  I s s u e s  f o r  t h e  E i g h t i e s '  which  was h e l d  
i n  S z c z y r k ,  P o l a n d  i n  November 1979 .  The s e m i n a r  was j o i n t l y  
o r g a n i z e d  by  I I A S A  a n d  t h e  P o l i s h  i n s t i t u t e s  c o l l a b o r a t i n g  i n  
t h i s  s t u d y .  The p a p e r s  a r e  h e r e  r e p r o d u c e d  f o r  t h e  c o n v e n i e n c e  
o f  t h o s e  a t t e n d i n g  t h e  s e m i n a r  a n d  f o r  r e f e r e n c e  by t h o s e  i n v o l v e d  
i n  t h i s  c o n t i n u i n g  i n d u s t r y  s t u d y .  The s e c o n d  volume c o n t a i n s  
t h o s e  p a p e r s  c o n c e r n i n g  t h e  e n v i r o n m e n t a l  i s s u e s ,  CP-80-24. 
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COAL: ISSUES FOR THE EIGHTIES 
Jan Stachowicz, Rolfe Tomlinson 
GENERAL INTRODUCTION 
The papers set out in these two Collaborative Papers were 
presented at an IIASA Seminar for Industry Studies, namely, 
"Coal: Issuesfor the Eighties", which was held in Szczyrk, 
Poland, in November 1979. The seminar was, on this occasion, 
jointly organized by IIASA and the Polish institutes collabora- 
ting in this study with IIASA, i.e., Institute for Organization 
and Management Problems of the Polish Academy of Sciences, 
Bytom and the Computer Center of the Mining Industry in Katowice. 
It may be worth saying something about the general concept 
lying behind the IIASA Industry Studies, particularly "Coal: 
Issues for the Eighties." The purpose of these Industry Studies 
was tobring together specialists, both managers and analysts, 
from different countries to identify the main issues which 
the industry faces over the next ten years, to identify the way 
and approach in which systems analysis can assist in major 
policy and decisions and to engage in a collaborate program of 
information exchange and research. 
The coal mining industry is particularly appropriate for 
such a comprehensive study because it is a critical energy indus- 
try faced with expectations of greatly increased demand before 
the end of the century, and with the need to make major invest- 
ment to decisions at a time when existing capacity is not fully 
utilized. Markets in the future may be very differently loca- 
ted from the present, and the transport situation needs to be 
reassessed. The future use of the product is uncertain--it 
might be needed for electricity generation, gasification, 
liquefaction or other end uses. The production technology is 
undergoing change, and the impact of the computer is only just 
beginning. At the same time, concern about pollution of earth, 
water and air is growing--leading to major regulatory controls 
of various kinds. It is an industry in transition, and most 
of these critical issues are appropriate subjects for systems 
analysis. 
Moreover, the coal mining industry has developed over a 
long period of time under a variety of conditions, and has a 
good record of international collaboration. This gives a good 
basis for comparative studies that can be used to provide 
results of general applicability. Two recent meetings, the 
10th World Mining Congress in Istanbul in 1977 and the UNO 
Coal Seminar in Katowice, Poland in 1979, have confirmed the 
potential return from developing international scientific 
cooperation in the scope of coal mining. Systems analysis 
has, as we have said, a major part to play in tackling the 
problems of coal mining development. "Coal: Issues for the 
Eighties" is intended to contribute towards these, and the 
Szczyrk seminar was a step in this process: 
The main purposes of the seminar were: 
-- to present papers on those topics identified at 
the Inaugural Task Force meeting held at IIASA 
in March 1979; 
-- to facilitate the exchange of experience, results, 
methods, etc.; 
-- to establish a plan for the future. 
The seminar was attended by participants from Austria, CSSR, 
FRG, Hungary, Italy, United Kingdom, USSR, USA and Poland. 
Eighteen presentations were made by participants from six 
countries and three by IIASA participants. Most of the pre- 
sentations concentrated on the main seminar topics, i.e., 
-- management, organization and the computer; 
-- planning for planning; 
-- environmental issues. 
Some of the presentations, however, were devoted to more general 
problems in the coal mining industry. Four papers were wholly 
devoted to the question of "planning for planning" and two 
presentations covered this topic in part. Taken together they 
provided an overview of OR and systems applications in mine 
planning as well as presenting a good deal of useful experiences 
on the use of computers in support for planning in the coal 
mining industry. 
The next group of papers was concerned with "management, 
organization, and computers" in coal mining. The presentations 
and discussions on this subject focused on two main aspects: 
-- general problems of organization and management in 
the coal mining industry, and 
-- the exchange of results and experience on the use 
of computers for management. 
Three papers dealt entirely with this area and two partially. 
The third group of papers dealt with "environmental issues" 
such as management of air pollution with regard to effects from 
coal use, groundwater depletion and other effects from coal 
extraction, and other effects from coal utilization technologies 
and comprehensive coal/environment planning approaches in 
selected countries. 
All the papers presented here are as given at the seminar, 
without editing. The purpose is to make them readily available 
to those who took part in the meeting and to their colleagues. 
Many will appear in a modified form in the literature. A report 
on the conference as a whole is available as an IIASA working 
paper WP-80-140. 
The seminar was successful in two respects. Firstly, it 
had provided the opportunity for the exchange of experience 
and an insight into different methodoloQica1 approaches to 
problems, that could not have been obtained in any other way. 
No other meeting currently catered for this need. Secondly, 
it had made it possible to identify the direction that future 
collaborative studies might take. Such studies need not in 
fact be narrowly related to the coal industry but could concern, 
for example, the role of coal mining in global industrial 
development. The work was also relevant to many other IIASA 
studies, e.g., related to management under uncertainty, computer/ 
management interactions, innovation, etc. 
We would like to take this opportunity of thanking the 
Institute for Organization and Management Problems of the Polish 
Academy of Sciences in Bytom and the Computer Center of the 
Mining Industry for their efforts to ensure good work conditions 
for this meeting and for their hospitality. It was another 
example of successful international cooperation. 
Jan Stachowicz 
Institute for Organization and 
Management Problems of the 
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INTRODUCTION 
1. The U n i t ~ d  Nat ions  Symposium on World Coa l  Prospoccs 
was at tended by about 170 exper ts  from developed and deve- 
l o p i n g  c o u n t r i e s  ", as w e l l  as i n t e r n a t i o n a l  o rgan iza t ions ,  
i n  o rde r  t o  exchange exper iences r e l a t i n g  t o  t he  p r i n c i p a l  
probleme connocted w i t h  the  present  end t h e  f u t u r e  r o l o  o f  
c o a l  i n  t h e  w o r l d  energy economy . The d e l i b e r a t i o n s  took  
p l ace  i n  t h e  l i g h t  o f  t he  need t o  s t reng then  i n t e r n a t i o n a l  
co-operat ion , w i t h  s p e c i a l  a t t e n t i o n  be ing  g i ven  t o  t ho  
neede o f  deve lop ing  c o u n t r i e s  , 
2,:The bea i c  document8 presented a t  the  Symposium were o s  
f o l l o w s  t 
- t h e ' o f f i c i a l  address on beha l f  o f  t he  Secretary-Goneral  
of t h e  U n i t e d  Nat ions  , 
- t he  o f f i c i a l  address on beha l f  o f  t he  P o l i s h  Peoplo 's  
Repub l ic  , 
- two keynote r e p o r t s  , one on t h e  developed c o u n t r i s s  , 
and t h e  o t h e r  on t h e  deve lop ing  c o u n t r i e s  , 
- e i g h t  genera l  r e p o r t s  cover ing  t he  moot e o s e n t i s l  c o a l  
problemo , o p o c i f i c a l l y  : rooerves and resourcoo , g r d u -  
c t i o n  , u t i l i r o t i o n  , t r a n s p o r t  , i n t e r n a t i o n a l  t r s d o  , 
i n e t i t u t i o n a l  aspocts , l a b o u r  and t r a i n i n g  and rosca rc i j  
end development , 
3. A cons ide rab le  c o n t r i b u t i o n  t o  t h e  d e l i b e r a t i o n s  of thc 
Symposium was nado by t ho  nunoroua coun t ry  r e p o r t s  , exparr 
papers , and s ta tonon te  made by  t h e  p a r t i c i p a n t s  d u r i n g  t h o  
discuss ions.  
4. I n  all t h e  r o p o r t s  many d o t a i l s d  conc lus ions  , f o rnu lazed  
i n  t h e  l i g h t  of t h e  Symposium's purpose have boen proparad, 
I n  a d d i t i o n  , 200 P o l i s h  expe r t s  p a r t i c i p a t e d  i n  t h o  
Symposium* 
This chapter  o f  t he  Roport  o f  t he  Symposium w i l l  o n l y  
h i g h l i g h t  some o f  t h o  main conclus ione and recommonda- 
t i o n e  o f  the  p a r t i c i p a n t s  . 
5.  The Symposium took  p l ace  a t  a c r u c i a l  momont i n  t h o  wo r l d  
energy s i t u a t i o n  : f o r  t he  second t ime i n  t h i s  decado t h o  
energy market was cha rac te r i zed  by se r i ous  d i s tu rbancos  
t h a t  had r o s u l t o d  from a r a p i d  p r i c e  increaae i n  t he  bas i c  
source o f  p r imary  energy , petro leum . Without  go ing i n t o  
a doeper examinat ion o f  t h i s  s i t u a t i o n , i t  had t o  be ornpha- 
o izod  t h a t  t he  energy problem was d i r e c t l y  connectod b ~ i t h  
i n c r e a s i n g l y  acute  pressures  on o i l  supp l i es  as a r e s u l t  o f  
d e p l e t i n g  reserves and s lower growth o f  new d i s c o v e r i e s  i n  
comparison w i t h  t h e  r a t e  o f  o i l  e x t r a c t i o n  . 
6. Because o i l  had t he  l a r g e s t  share o f  w o r l d  energy consurn- 
p t i o n  , a common o p i n i o n  p r e v a i l e d  .among exper t s  on t ho  
necess i t y  o f  s imul taneous dovelopment o f  a l l  available anergy 
forms . A t  t he  same t ime  se r i ous  e f f o r t s  had t o  be mado t o  
save energy. S u f f i c i e n t  energy supp l i es  were an ind iapossab ls  
p r e r e q u i s i t e  f o r  economic development , and consequently , 
f o r  improvement of  t h o  l i v i n g  s tandards o f  people aroufid 
t ho  g lobe , p a r t i c u l a r l y  i n  poore r  c o u n t r i e s  . 
7. Dur i ng  t h e  Symposium many speakers r e f e r r o d  t o  t he  f i n -  
. )  d ings  o f  . the  Tenth Wor ld Energy Conference h e l d  i n  I s ' i a ~ d w i  
i n  1977 . The r e s u l t s  o f  t he  Conference i n d i c a t e d  t h s r  c:, 
t he  b a s i s  o f  c o a l  equ i va l en t  c o a l  comprises 81 p e r  cent 
o f  f o s s i l  f u e l  resourcas , o i l  17 p o r  cent , and gas 2 .xr 
cent  , w h i l e  i n  1977 p roduc t i on  t h e  shares o f  theso f x l z  
were : c o a l  33 per  cant  , o i l  46 p e r  cent  and gas 21 p G r  
cent  . Those f i g u r o s  sho:vod t h a t  t h e r e  was on t he  one i-.znd 
a d i o p r o p o r t i o n  between potro leum resources and product ion ,  
and on t he  o t h e r  an onornous p o t e n t i a l  t o  i nc rease  coal 
p roduc t i on  . 
8. Although n u c l e a r  enorgy h3d p layed  an  i n c r e a s i f i g l y  
impor t an t  r o l o  i n  rocont  y e a r s  , on a  worldwide basis 
t h o  implomentat ion of programmes r e g a r d i n g  t h a  dovolo- 
pmont of n u c l o a r  energy  had beon s i g n i f i c a n t l y  deloyod 
'owing t o  t e c h n i c a l  , economical  , and envi ronmenta l  con- 
s i d e  ra t ions. 
9. Even w i t h  t h e  most arnbit ioue e f f o r t e  r o  dovolop non- 
{ 
c o n v e n t i o n a l  forms of ene rgy  such as so la r  , geothorrnal,  
wind and t i d a l  , t h e y  could o f f e r  o n l y  a marg ina l  c o n t r i -  
b u t i o n  t o  t h e  world ene rgy  market  i n  t h e  f o r e s e a a b l e  f ~ t u r s .  
10. I n  t h i s  s i t u a t i o n  , t h e r e  was emerging a consensus  t l l a t  
was a l s o  man i fe s t ed  i n  t h e  c o u r s e  of t h e  Symposium ; thso 
c o a l  was t h e  s i n g l e  pr imary ene rgy  form c a p a b l e  o f  b r i d g i n g  
t h e  a n t i c i p a t e d  gap  Fn world energy  s u p p l i e s  i n  t h e  dscades 
t o  come , 
11, Coal  was a  v e r s a t i l e  f u e l  a s  o i l  and gas , It could 
be used f ~ r ~ e l e c t r i c i t y  and h e a t  g e n e r a t i o n  , i n  n c t a l l u r -  
g i c a l  p r o c e s s e s  , and i n  t h e  chemical  i n d u s t r y ,  Morccvor, 
an o u t s t a n d i n g  advantage  of c o a l  was i t 8  s u i t a b i l i t y  f o r  
conve r s ion  i n t o  l i q u i d  and gaseous  f u e l s  . 
12. Howevor , i t  had t o  be admi t t ed  t h a t  c o a l  had a 
number of d i s a d v a n t a g e s  a s  w a l l  , which i n  times of obun- 
dan t  o i l  and gas s u p p l i e s  causod c o a l  and i t s  p r o d u c t s  *:o 
be l o s s  a t t r a c t i v e  , Among t h e s e  d i s a d v a n t a g e s  wore h i g h  
produc t ion  c o s t s ;  more d i f f i c u l t  hand l ing  i n  trans2o;l';c- 
t i o n  and u t i l i z a t i o n  ; demanding working c o n d i t i o c c  , 
p a r t i c u l a r l y  i n  underground o p e r a t i o n s  ; and t h e  icaacz 
of mining and u t i l i z a t i o n  p r o c e s s e s  on t h e  e n v i r o n m c n ~ ,  
13. A l l  t h o s e  d i s a d v s n t a g c s  could  be and indeed  c u r r e n t l y  
were boing e l i m i n a t e d  through t h e  a p p l i c a t i o n  of sc ionce  
and technology  t o  i n d u s t r i a l  p r a c t i c e  . 
I RESERVES AND RESOURCES 
14. Accord ing t o  the World Enorgy Conferonce , w o r l d  cc31 
rosourcea amounted t o  10.125 b i l l i o n  tons  o f  c o a l  oquivz- 
l e n t  / tco/  . W i t h  c o a l  p r o d u c t i o n  a t  a  l e v e l  o f  2.7 b i l l i o n  
t c e  i n  1977 , these resources would have s u f f i c e d  f o r  sove- 
r o l  thousand yoars. However , among these resources  o n l y  
636 b i l l i o n  t c e  , t h a t  i s  6.3 p e r  cent, c o u l d  be charsc te-  
r i z e d  as s u i t a b l e  f o r  e x t r a c t i o n  a t  t h e  p resen t  l e v e l  o f  
cos ts , techno logy  and p r i c o e  . A s i m i l a r  , b u t  s i m p l i f i u d  , 
c a l c u l a t i o n  would show t h a t  reserves  were enough f o r  256 
years  , b u t  assuming an e x p o n e n t i a l  annual  r a t e  o f  grcarh 
o f  p r o d u c t i o n  o f  3 p e r  cent  , those reserves  would be oxhcu- 
s t o d  a f t e r  mere ly  71 years  . However , t h e  magnitude o f  t ho  
wor ld 's  c o a l  rese rves  r o q u i r e d  examinat ion  f rom a  dynsn ic  
p o i n t  of v iew which \ * ~ c u l d  i n c l u d e  c o n s i d e r a t i o n  o f  changing 
c o s t s  o f  p r o d u c t i o n  , changing techno logy 'and changes in t h o  
p r i c e s  of a l t e r n a t i v e  energy sources , For  example , t h e  
recen t  s i z e a b l e  i n c r o a s s  in o i l  p r i c e s  may havo l e d  t o  an 
i nc rease  i n  w o r l d  c o a l  reservos  . 
15. Never the less  , t h e  above cons ido ra t i on3  p o i n t  ou t  r l ,s t  
i n  s p i t e  o f  v i r t u a l l y  enoraoos c o a l  reserves  , s u f f i c i c n :  
f o r  a t  l e a s t  s e v e r a l  ganera t ions  , e x t r e c t i o n  o f  c o a l  shouLd 
be conducted so as t o  guarantee optimuin c o n s o r v a t i c n  o f  cczl 
reserves  and maximum recovory  o f  c o a l  f rom d o p o s i t s  . 
16, Coa l  d e p o s i t s  occur red  mar0 nunerous ly  and c o x o n l y  
throughout  t h e  w o r l d  than  thoso o f  o i l  and gas. Ho~~ovc i - ,  3t
t h e  same t i m e  rcso rves  wore l o c a t e d  i n  moderate and subzrc:ic 
zones of t h e  n o r t h e r n  henisphore . The major  p a r t  of rczzrvos 
t o t a l l i n g  578 b i l l i o n  t c e  , o r  51 p e r  cent  , were i n  r c c i s n s  
w i t h  t h e  h i g h e s t  c o a l  p r o d u c t i o n  /Europe , USSR , China , 
N o r t h  America , A u s t r a l i a  , and t h e  Repub l ic  o f  South Afric-;'. 
Ths o t h o r  c o u n z r i c s  i n  Asia , ASr ica  and L a t i n  A c c r i c a  
possosaad  t h o  r ema in ing  58 b i l l i o n  tce , o r  9 p o r  con:. 
T h i s  i m p l i e d  t h a ~  d e v e l o p i n g  c o u n t r i e s  had a  r e l a t i v c l y  
m a l l  b a s e  of c o a l  r e s e r v o s  . 
17. It was s t i l l  n o t  clear  a h a t h e r  such  a n  uneven d i s t r i b u -  
t i o n  of c o a l  reserves , b e i n g  d i sodvon t ageoue  t o  devo lop ing  
c o u n t r i e s  , stemmed from g e o l o g i c a l  r e e e o n s  o r  whe tho r  - 
as some g e o l o g i s t s  a s s e r t  - i t  wae t h o  r e s u l t  of t h e  l o c k  
o f  e x p l o r a t i o n  f o r  c o a l  d e p o s i t s  i n  L a t i n  America , A f r i c a  
and S o u t h e a s t  A s i a  , where  unknown reserves might l i e .  
It was a l r e a d y  a p p a r e n t ,  however , t h a t  a s y s t e m a t i c  and, 
i f  p o s s i b l e ' ,  i n t e n s i f i e d  e f f o r t  t o  assess t h e  f i n a n c i a l  
and o t h e r  r e q u i r e m e n t s  of  d e v e l o p i n g  c o u n t r i e s  i n  c o a l  exp lo-  
r a t i o n  as i n i t i a t e d  by t h e  Un i t ed  N a t i o n s  a s  a r e s u l t  of 
G e n e r a l  Assembly R e s o l u t i o n  33/194 d e s e r v e d  t h e  s u p p o r t  of 
i n t e r e s t e d  i n t e r n a t i o n a l  , r e g i o n a l  and b i l a t e r a l  a s s i s t a n c e  
s o u r c e s  . I n  t h i s  c o n n e c t i o n  , t h e  a p p l i c a t i o n  of new t e c h n i -  
q u e s  i n  c o a l  e x p l o r a t i o n  was  p a r t i c u l a r l y  emphasized . 
18, It is no t ewor thy  t h a t  ~ v i t h i n  bo th  r e s o u r c e e  and r e s e r v e s  
t h r e e  q u a r t e r s  f e l l  t o  h a r d  c o a l  and t h e  rest t o  brown cozl 
and l i g n i t e  . About e q u a r t t  of o v e r a l l  r e s e r v e s  rras coking 
c o a l s  which had t h e  p o t o n t i o l  t o  meet m e t a l l u r g i c a l  dc::znJ. 
19. The World Energy Confe r ence  was o n l y  one  of a nunbcr  cf 
i n s t i t u t i o n s  d e a l i n g  w i t h  t h e  e s t i m a t i o n  of t h e  nagn i ru22  o f  
wor ld  ene rgy  r o s o r v e s  , hencs  t h e r e  were  d i f f e r e n t  C S ~ ~ : . J : C S  
- q u i t e  f r e q u e n t l y  w i d o l y  d i v e r g e n t  - on r e s o u r c e s  czd rcs;T- 
v e s  of v a r i o u s  c s t e g o r i o s .  There f  o r e  , tho c o n c l u s i o n s  d r z ~ ; 3  
depended on t h e  d e g r e e  of e c c u r a c y  of e s t i m a t i o n  of t h c  unbi- 
s covo red  amount 07 wor ld  c o a l  r e s o u r c e s  and reserves. P s i - t i c u - -  
l a r l y  i m p o r t a n t  v~ss t h e  size 07 r e s e r v e s .  Ha;~uver , it 3~0.222 
c e r t a i n  t h a t  as i n c r e a s i n g  e x p l o r a t i o n  and deve lopnenz  a-? 
mining t e c h n o l o g i e s  o n s u r s d  i np rovod  r e c o v e r y  of cos l  , t h c  
r e a l  amount of r e s e r v e s  would be l a r g e r  t h a n  t h e  ona crssss~ 
t o d a y  , - 
Obviously , the  s i t u a t i o n  concerning the scope o f  ava i la -  
b l e  resorvee and the  l eve l  of poss ib le  product ion would 
va ry  considerably from country t o  count ry  , 
11 PRODUCTION 
20, The World Energy Conference had rev ised i t s  assessment 
o f  wor ld  energy domends by 2020 i n  the l i g h t  o f  the  energy 
probleao o f  2973/74 , According t o  the Conference , the de- 
mand f o r  c o a l  i n  the  year  2000 would be i n  t he  range o f  5.8 
b i l l i o n  t c e  , aore than  tw ice  the 2.7 b i l l i o n  t c e  o f  c o a l  
produced i n  1977 , and i n  2020 the demand would have r i s e n  
t o  8.7 b i l l i o n  tce, aore than a t he ree fo ld  increase . 
21, Coneequemtly , the  s i z e  of c o a l  reserves waa not  a cons- 
t r a i n t  on the  expected growth o f  product ion . 
22, I n  order  t o  meet the  growing demands f o r  c o a l  , i t  was 
necessary t o  begin prompt execut ion o f  investments f o r  t he  
development o f  new min ing regions , the cons t ruc t i on  o f  new 
mines and the  recons t ruc t ion  o f  operat ive  mines, Th is  a l s o  
e n t a i l e d  c r e a t i n g  t he  accompanying i n f r a s t r u c t u r e ,  Mining 
investments were h i g h l y  cap i t a l - i n tene i ve  ,There were op in ions 
oxpreoeod t h a t  even i n  tho dovoloped market oconomy coun- 
t r l a a  finon~lal oupport l ' r u n ~  n u  t loclnl  budge t o  would bo Ilri~pa- 
r a t i v e : p r i v a t e  c a p i t a l  would provo incapable o f  f i nanc ing  ouch 
expansion , I n  t h i s  respoct a specially d i f f i c u l t  s i t u a t i o n  
p r e v a i l e d  i n  those developing count r iee t h a t  were going t o  
create  o r  extend t h e i r  coa l  i n d u s t r y  , These coun t r i es  might 
be unable t o  r a i s e  g rea te r  anounte from in te rna l . eou rces  . 
Ins tead  , assistance from developed coun t r iee  and from i n t e r -  
n a t i o n a l  f i n a n c i a l  organ izat ions would appear t o  be indispen- 
sable , 
23. Mining investments d isp layed a l o n g  t ime before  planned 
product ion ob jec t i ves  could be achieved , Nowadays , tho  l o ~ i  
t ime f o r  a b i g ' c o l l i o r y  was i r o n  f o u r  t o  f i v e  years  F r c n  
t he  s t a r t  o f  c o n s t r u c t i o n  t o  i n i t i a l  c o e l  ou tpu t  , and 
another  f o u r  t o  f i v e  years  t o  reach f i n a l  p roduc t i on  l c vo l 3 ,  
24, Tha l a r g e  amount o f  c a p i t a l  r equ i r ed  , and t ho  l o n g  
l e a d  t imes t o  p roduc t i on  and tho low l e v e l  o f  c o a l  p r i c c s  - 
- f r e q u e n t l y  less compe t i t i ve  than  p r i c e s  o f  a l t e r n a t i v o  
f u e l s  , had induced some c o u n t r i e s  and mining'companies no t  
t o  undertake f i n a n c i a l  r i s k s  f o r  c o a l  inves tments  . Such an 
a t t i t u d e  woo unJuetlPiod i n  v i o w  o f  tho  f a c t  t h o t  tho roc11.i.- 
r a t i o n  o f  c o a l  investments launched todey would no t  be brought  
t o  f u l l  f r u i t i o n  u n t i l  1990, In t h e  meantime ,due t o  
the  cont inuous d e p l e t i o n  o f  o i l  and gas ,the p r i c e s  o f  these 
f u e l s  were bound t o  r i s e  and t o  face  d i f f i c u l t i e s  i n  susply. 
25. Hes i t a t i - on  i n  decis ion-making on c o a l  d i d  no t  r e f e r  t o  
a l l  c o u n t r i e s  as was evidenced by  the  u n i n t e r r u p t e d  , though 
r e l a t i v e l y  slow, growth of wo r l d  c o a l  p roduc t i on  . However , 
any a t t i t u d e  o f  u n c e r t a i n t y  i n  v iew o f  r a p i d l y  growing 
' f u t u r e  demands cou ld  l e a d  t o  f u r t h e r  d i f f i c u l t i e s  i n  t he  
energy s i t u a t i o n  , p a r t i c u l a r l y  i n  deve lop ing  c o u n t r i e s  . 
26. A p a r t i a l  s o l u t i o n  o f  t he  problems connected w i t h  i n v e s t -  
monts l a y  i n  t ho  dovelopmont o f  opencost m in ing  whorovor 
f o a e i b l o  , Oponcaot min ing  invostmonta woro l a o o  c o p i t o l - i n t o n -  
s i v e  and had s h o r t e r  l e a d  t imes . Moreover , opsncast a i nss  
o f f e r e d  lower  p roduc t i on  coots  . However , t ho re  rDtoro cigni- 
f i c a n t  f a c t o r s  l i m i t i n g  opencast min ing  development,most 
i m p o r t a n t l y  , t he  a v a i l a b i l i t y  o f  app rop r i a t e  reserves and 
t he  r e g u l a t i o n s  on env i ronmenta l  p ro tec t i on .  . 
27, I t  was t o  be emphasized t h a t  g e o l o g i c a l  and 'min ing con- 
d i t i o n s  assoc ia ted  w i t h  c o a l  m in ing  , p a r t i c u l a r l y  i n  under- 
ground opera t ions  , wore becoming i n c r e a s i n g l y  d i f f i c u l t  due 
t o  the  growing depth o f  ex t r ac t i on .  These d i f f i c u l t i e s  
ma in l y  cons is ted  i n  t h e  bu i ld -up  o f  rock  pressures  , i n  i n t en -  
s i f  i e d  methane emiss ions , and i n  r i s i n g -  temperatures ,of  t k e  
min ing environmont, 
28. P r i n c i p a l l y  , t he  p r a c t i s e d  methods o f  underground c o a l  
e x t r a c t i o n  i n  tho  v:orld cou ld  be d i v i d e d  i n t o  roon-and- 
- p i l l a r  and 1ong:ral l  m in ing  . I n  each a number o f  v a r i a n t s  
cou ld  be d i s t i n g u i s h e d  . The technique o f  t h e  room-anti- 
- p i l l a r  method was s i m p l e r  than l o n g w a l l i n g  ,but i t  e n t a i l e d  
cons iderab le  l osses  o f  c o a l  . W i t h  growing depths , t h e  
abandoned seam p i l l a r s  beceme dangerous because o f  the  , 
grow ing ' rock  pressures  , These problems i n t e n s i f i e d  bog inn ing  
a t  a  depth  o f  about 300 m , u n t i l  a t  depths o f  wore than 
600 m room-and-p i l lar  was v i r t u a l l y  impossible,  On t h e  o t h e r  
hand , l o n g w a l l  methods avoided such problems and made pos- 
s i b l e  h i g h  p roduc t i on  from a s i n g l e  face  , I n  European 
c o n d i t i o n s  room-and-p i l lar  methods p layed  o n l y  a marg ina l  
r o l e  . 
29. Both room-and-p i l lar  and l o n g w a l l  m in ing  cou ld  be run 
wi thou t  m e ~ h a n i z a t i o n  , r e s u l t i n g  i n  a l a r g e  number o f  u n s k i l -  
l e d  personnel  , w i t h  l a y  p roduc t i on  end p r o d u c t i v i t y  ; p a r t i a l  
o r  f u l l  mechanizat ion y i e l d  h i g h  p roduc t i on  and p r o d u c t i v i t y  
f rom one face  bu t  , a t  t he  same t ime , r e q u i r e  h i g h l y  s k i l -  
l e d  crews, Developing c o u n t r i e s  would have t o  g i v e  se r i ous  
c o n s i d e r a t i o n  t o  what method t o  use i n  deep m in ing  f o r  c o c l  
i n  t h e  l i g h t  o f  t h e i r  p a r t i c u l a r  s i t u a t i o n  I n  each cazo. 
30, Convent iona l  c o a l  e x t r a c t i o n  methods i n v o l v e d  a nuaber 
o f  t e c h n i c a l  and env i ronmenta l  b a r r i e r s  t* f u r t h e r  progross, 
wh ich  moved some c o u n t r i e s  t o  under take t r i a l s  on uncocvcn- 
t i o n a l  methods . One o f  t ho  most p romis ing  appeared t o  5c 
underground g a s i f i c a t i o n ,  T h i s  technique c o u l d  a l s o  bo 
a p p l i e d  t o  e x t r a c t  f u e l s  t rom depos i t s  u n s u i t a b l e  f o r  n i n i n g  - 
by  conven t iona l  mathode. Hence , underground g a s i f i c a t i o n  
cou ld  c o n t r i b u t e  t o  t h e  enlargement o f  recoverab le  c o d  
r e s m v e s  . 
I11 UTILIZATION 
31, I f  coe l  was t o  be compst i t i vo  and a t t r a c t i v e  as cocpa- 
red t o  o ther  f u e l s  , e f f o r t s  wore needed not  on l y  i n  inpro-  
v i n g  c o a l  product ion bu t  a l s o  coa l  u t i l i z a t i o n  , Run-of-mine 
coa l  u s u a l l y  requ i red processing before  f i n a l  u t i l i z a t i o n  , 
customers were s e t t i n g  r i g i d  requirements on q u a l i t y  parame- 
t e r s  , such as low contents o f  ash , sulphur , end humidi ty ;  
un i form g r a i n  sizes ; h i g h  c a l o r i f i c  va lue ; and i n  some 
caaes - s p e c i f i c  coking p rope r t i es  , Theref ore  , the require- 
ments were d i r e c t e d  towarda ob ta in ing  market c o a l  which i n  
the u t i l i z a t i o n  process would guarantee a  h i g h  degree o f  
energy a f f i c i e n c y  snd minimize impact on the  environment, 
32, I n  t he  coming decades inc reas ing  demand f o r  coking coe l  
needed i n  s t e e l  product ion would be f e l t ,  There was a l s o  a 
growing demand f o r  c o a l  i n  e l e c t r i c i t y  generat ion . I n  order 
t o  u t i l i z e  waste heat from e l e c t r i c  power s t a t i o n s  ,more 
and more p l a n t s  were combining product ion o f  e l e c t r i c i t y  
and heat , the l a t t e r  being suppl ied c e n t r a l l y  t o  nearby 
i n d u s t r i a l  p l a n t s  towns and housing eetates , Technologies 
were a l s o  under development t o  u t i l i z e  low-ca lor ie  s o l i d  
f u e l s  o r  coale w i t h  h i g h  sulphur content . 
One promising method was f lu id ized-bed combustion, Such 
technologies were o f  p a r t i c u l a r  i n t e r e s t  t o  developing 
coun t r ies  where low-grado c o a l  depos i ts  cou ld  be madc usable  
i n  t h i s  way , An addi t iona l .advantago was tho possioi1i:y 
of developing c o a l  depos i ts  on a smal l  sca le  w i thou t  :ha u s u a l  
p e n a l t i e s  r e s u l t i n g  from economics of  scale, I t  was po in ted  out  
i n  t h i s  regard t h a t  sono developing coun t r ies  were rosdy t o  
embark on s i g n i f i c a n t  c o a l  development p lans,Simi lar ly  , 
emphasis was placed on the p o t e n t i a l  o f  c o a l  u t i l i z a t i o n  i n  
r u r a l  areas t o  a r r o s t  the a d v e r ~ e  consoquencos o f  deforesta- 
t i o n  r e s u l t i n g  from e x c o s ~ i v s  use o f  wood , 
33'. From t h e  1930s on , t e c h ~ o l o g i e s  of c o a l  l iquo?sc: . ioa  
and c o a l  g a e i f i c a t i ' o n  ~ o u l d  f i n d  i n c r e a s i n g  c o n a o r c i a l  
a p p l i c a t i o n  , Coal l i q u e f a c t i o n  could  produce p r a c t i c a l l y  
a l l  t ho  p r o d u c t s  t h a t  wore d a r i v e d  f iom o i l ,  Coa l  g a s i f i c z -  
t i o n  would be aimed a t  produc ing  s y n t h e s i s  gas mainly f o r  t h e  
chemica l  i n d u s t r y  . F u r t h e r  p r o c e s s i n g  of s y n t h e s i s  gas t o  
i n c r e a s e  i t s  methane c o n t e n t  would a l l o w  p r o d u c t i o n  of high- 
c a l o r i e  S u b s t i t u t e  N a t u r a l  Gas /SNG/, 
IV TRANSPORT 
34, Produc t ion  growth was closely connected w i t h  
t h e  development problems of a t r a n s p o r t  infrastructure. 
These were i n c r e a s i n g l y  d i f f i c u l t  , as new c o a l  r e g i o n s  
were f r e q u e n t l y  l o c a t e d  a t  remote d i s t a n c e s  from t h e  c e n t r e s  
where c o a l  or coa l -de r ived  snorgy  was used, Such s i t u a t i o n s  
might. be encounte red  - i n  count  rios w i t h  v a s t  t e r r i to r i e s  as 
w e l l  a s  t h e  s m a l l e r  s t a t e s ,  and were a n o t a b l e  f e a t u r e  of many 
deve lop ing  c o u n t r i e s  w i sh ing  t o  ex t end  t h e i r  c o a l  mining , 
35, I n  r a i l  t r a n s p o r t  t h e r e  was a t r e n d  t o  c a r r y  c o a l  by u n i t  
t r a i n s  commuting between l o a d i n g  s t a t i o n s  a t  mines and major 
c o n ~ u m o r s  . 
36, Q u i t e  r e c e n t l y  some s l u r r y  p i p e l i n e s  f o r  t r a n s p o r t a t i o n  of 
c o e l  a t  l o n g e r  d i s t a n c e s  have begun o p e r a t i o n  , That  i d c a  of 
h y d r o t r a n s p o r t  had ga ined  moro and more s u p p o r t e r s  as could 
be i n f e r r e d  from t h e  numbar of  c o a l - s l u r r y  p i p e l i n o s  planned 
o r  under  c o n s t r u c t i o n  , 
37. Another  s o l u t i o n  of the t r a n s p o r t  problem was t h o  cnifie? 
mining-and-power conploxos.  These  were l o c a t o d  i n  t h c  prcxi- 
mi ty  t o  brown c o e l  d e p o s i t s  i n  p a r t i c u l a r  , Electr ic  pcr-;or 
produced i n  such  conploxes  wae d e l i v e r e d  t o  consumers by 
h igh - tons ion  t r a n s c i s s i o n  l i n a s  , f r e q u e n t l y  over  l ~ n g  
distancos. I n  t he  f u t u r e  min ing  - chon i ca l  conploxcs ;;.culd 
undoubtedly be e rec tod  t o  produce l i q u i d  and gaseous convor- 
s i o n  products.  
JS, Coun t r i es  w i t h  a usab le  r i v e r  network cou ld  c e r t a i n l y  
c rea te  anew o r  expand e x i s t i n g  r i v e r  t r a n s p o r t a t i o n  sysccas 
s i n c e  t h i s  i s  a  v e r y  unexpensive means o f  moving coal, 
39, In the  f i e l d  o f  ocean shipments ,a number o f  c o u n t r i o s  
were c o n s t r u c t i n g  o r  deve lop ing  p o r t  f a c i l i t i e s  f o r  hand l i ng  
c o a l  sh ip8  w i t h  over  100.OCO t o n  capac i t y  , 
V INTERNATIONAL TRADE 
40, World c o a l  t r a d e  i n  1977 was 226 m i l l i o n  tons  , about 
9 p e r  cent  o f  t he  t o t a l  ha rd  c o a l  product ion.  T h i s  was consi -  
de rab l y  lower  than i n  the  case o f  o i l ,  where 60 p e r  cent  o f  
o i l  p roduc t i on  was moved i n t e r n a t i o n a l l y  , 
41. Accord ing t o  the  World Energy Conference , i n  t h e  year  
2000 c o a l  t r ade  would i nc rease  t o  580 m i l l i o n  tce, T h i s  ~ i o u l d  
mean a h i g h e r  r a t e  o f  growth then i n  t he  case o f  tho  o v o r c l l  
oxpected c o a l  p roduc t i on  . 
42, Ao we8 ueuo l  w i t h  f o r o c o g r o  , tkuo oat imoteo o f  o x p l ~ r i - 2  
from va r i oue  i n s t i t u t i o n s  woro w i d o l y  d i ve rgon t  : Gono prcsu:nod 
t h a t  i n  2000 c o a l  expo r t s  p o t e n t i a l  might even reach 1 b i l l i o n  
tons  , 
43, The a c t u a l  volume o f  c o a l  i n  i n t e r n a t i o n a l  t r ade  vjocld 
dopond on t h e  one hand upon the  s i z e  o f  f u t u r e  dononbs .Tor 
s p e c i f i c  types o f  c o a l  , and on t he  o t h e r  upon t he  c a p s b i l l -  
t i e s  of  meering those dznands by producers . 
44, A l s o  i n  t h i s  regz rd  t h e r e  wero w i d o l y  differing c p i n i o z s ,  
Therefore ,one of t he  noro  i n p o r t a n t  t o p i c s  i n  i n t o r n s t i o n s 1  
c o l l a b o r a t i o n  should concsn t ra te  on mon i t o r i ng  t he  c u r r c n t  
s i t u a t i o n  i n  w o r l d  c o a l  t r a d e  ,so as t o  take  p o s s i b l e  co r rcc -  
t i v e  -measures by a l l  those concerned , 
45, E i g h t y  pe r  cent  o f  wo r l d  c o a l  t r ade  was made up o f  
cok ing  c o a l  . I n  s p i t e  o f  t ho  envisaged drop o f  i t s  s h a r e  
t o  t he  advantage o f  s toan  c o a l  , t h e  abso lu te  tonnag0 o f  
cok ing  c o a l  would con t inue  t o  i nc rease  i n  the  l i g h t  o f  t h o  
a n t i c i p a t e d  expansion o f  w o r l d  s t e e l  p roduc t i on  , 
46, L i m i t a t i o n 8  be ing  inpossd on t he  uso o f  o i l  f o r  o l c c t r i -  
c i t y  genera t ion  , and t he  well-known development p rob lens  o f  
nuc l ea r  energy,had c rea ted  v e r y  f avourable c ircumstances f o r  
steam coal, 
47, I n  coming years  , expo r t e r s  would remain l a r g e l y  t he  same, 
as would t he  c o u n t r i e s  t h a t  p r e s e n t l y  p layed t he  p r i n c i p a l  
r o l e  i n  t h i s  t r ade  , a l though  t h e  r e l a t i v e  shares f r o 3  i n c i i v i -  
d u a l  countries cou ld  v a r y  , The number o f  expo r t e r s  would bo 
en larged a t  most by a few new c o u n t r i e s  , 
48, I n  genera l  , t h e  number o f  devefoping c o u n t r i e s  w i t h  t h o  
p o t e n t i a l  f o r  c o a l  expo r t s  would no t  be l a r g e  , due t o  t h o i r  
own i n t e n s i v e l y  growing energy demands t h a t  would have t o  bo 
met p r i m a r i l y  f tom i n t e r n a l  resources , However , many dove- 
l o p i n g  c o u n t r i e s  were expected t o  i nc rease  t h e i r  e l e c t r i c i t y  
consumption by h i g h e r  annual r a t e s  than i n  o t h o r  countries 
and t h e r e f o r e  they  cou ld  be regarded as p o t e n t i a l  a t c m  
c o a l  impo r t e r s  whero no ind igonous c o a l  o r  o t h o r  onorc~y 
resources were available , I n  any case , developncnt o? l c c a l  
resources would r e q u i r e  l ong - t e rn  p l ann ing  w i t h  consoqusnt 
inves tments  f o r  t he  c o a l  min ing  opera t ions  and associa2cd 
i n f r a s t r u c t u r e  , T h i s  p o l i c y  would h e l p  make i t  p o s s i b i o  t o  
l ossen  dependence on impor tod  o i l  supp l i os  , 
49. There wore a  grwdving number 07 deve lop ing  c o u n t r i z s  t h z t  
a l r eady  had go t  o r  wantod t o  e s t a b l i s h  t h e i r  own s tceL Fnduscr. 
and acco rd i ng l y  t h e r e  would be an i n c r e a s i n g  number o f  fa7or- 
t e r s  of m e t a l l u r g i c a l  coal, 
50. It was e x p e c t e d  t h a t  t h e  c o u n t r i e s  of  W e s t e r n  Europe  
and  E a s t  A s i a  would c o n t i n u e  t o  be  t h e  m a j o r  i n p o r t o r e  o f  
s t e a m  c o a l .  
51, I n  t h e  c o n t e x t  of  t h e  p r e d i c t e d  g rowth  o f  i n t e r n a t i o i ~ a l  
t r a d e  i n  c o a l  , a g a i n  s h o u l d  be  emphas ized  t h a t  t h o r e  was a 
n e c e s s i t y  of  e x p a n d i n g  t h e  e x i s t i n g  t r a n s p o r t  i n f r a s t r u c t u r e  . 
52, I n  d i s c u s s i n g  i n t e r n a t i o n a l  t r a d e  , i t  was  i m p o r t a n t  n o t  
t o  o v e r l o o k  t h e  v i t a l  p r o b l e m s  of  t r a d e  i n  m i n i n g  m a c h i n e s  
and equ ipmen t  a n d  , moreover  . of t r a n s f e r  of  m i n i n g  know- 
how i n  t h e  f i e l d s  o f  p r o s p e c t i n g  and e x p l o r a t i o n  , p l a n n i n g  
t h e  e x p a n s i o n  o f  c o a l  i n d u s t r i e s  a n d  d e s i g n  and  c o n s t r u c t i o n  
of  m i n e s  ae w e l l  a s  t h e  e x t r a c t i o n  and  p r o c e s s i n g  of c o a l ,  
53. D e v e l o p i n g  c o u n t r i e s  needed  c o m p r e h e n s i v e  a s s i s t a n c e  i n  
t h o s e  f i e l d s .  But i t  was t o  b e  e m p h a s i z e d  t h a t  d e v e l o p e d  
c o u n t r i e s  f rom E a s t  a n d  West had a s i . g n i f i c a n t  t e c h n i c a l  and 
s c i e n t i f i c  p o t e n t i a l  which  c o u l d  and  s h o u l d  b e  i n c r e a s i n g l y  
a p p l i e d  f o r  t h e  b e n e f i t  of d e v e l o p i n g  c o u n t r i e s  , 
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54. I n  c o u n t r i e s  w h e r e  m i n i n g  was c o n d u c t e d  , t h e  l e s a l  
s i t u a t i o n  of  m i n i n g  was v a r i e d  . The l e g a l  b e s o s  of  n i ~ i ~ g  
w e r e  s t r o n g l y  foundod  i n  d e v e l o p e d  c o u n t r i e s  , whereby  t h n  
n a t u r e  of  a p p r o p r i a t e  document s  depended  t o  a  l a r g e  o x t c n t  
on t h e  soc io -economic  system p r e v a i l i n g  i n  t h e  g i v e n  country, 
55, I n  c o u n t r i a e  w i t h  c e n t r a l l y - p l a n n e d  e c o n o m i e s  m i n c r c i  
r e s o u r c e s  b e l o n g e d  t o  t h e  S t a t e .  A l l  g e o l o g i c a l  a n d  n i ~ i n c t  + 
a c t i v i t i e s  w e r e  c a r r i e d  o u t  by  Sta te -owned i n s t i t u t i ~ n s  c;d 
were b a s e d  o n d e t a i l o d  l a ~ n l  p r i n c i p l e s  c o d i f i e d  i n  t h e  aiz;ng 
law , a n d  i n  s o n o  c o u n t r i e s  a l s o  i n  a s e p e r a t e  g e o l o g i c a l  ~ E Y ; ,  
Mining as a b r a n c h  o f  i n d u s t r y  was set  i n  t h e  francrdoric 0;' n i r ,  
e t r i o s  v ~ h i c h  were t h e  t o p  level  o f  wha t  was u s u a l l y  e n  orszn i -  
z a t i o n a l  s t r u c t u r e  h a v i n g  t h r e e  levels,  
The middle l a v e 1  i s  coaposc5 o f  d i v i s i o n s  rospons ib l s  5s; 
v a r i o u s  i n d u s t r i a l  and c a x c r c i a l  concerns , as w c i l  es 
r e sea rch  and devo lopasn t ' .  Tho d i v i s i o n e  i n  t u r n  su2zpviscd 
3 number of e n t e r p r i o e s  which occupied t h e  lowest l o v a l .  
56.In c o u n t r i e s  wi th  a rzarket economy, minara l s  could 
be p r i v a t o l y  owned . Therefore  , t h e i r  e x t r a c t i o n  could d z o  
be conducted and managed by p r i v a t e  companies of ttia count ry ,  
by f o r e i g n  companies , and by mixed e n t e r p r i s e s  . The gcvar- 
nment wieldad a more o r  109s r i g i d  c o n t r o l  on tho  bas13 o f  
apac1fl.c r s ~ u l u t l o n l r  . Tl i is  contr-01 woe o t w o  t i u r  I n  t h o  
case  of f e d e r a l  c o u n t r i e s  because of s e p e r a t e  j u r i s d i c t i o n  
a t  t h e  c e n t r a l  and p r o v i n c i a l  l e v e l s  . I n  a number of 
market economy c o u n t r i e s  a  c i n i n g  law was a l s o  t h e  r c p c s i t o r y  
of t h e  main l e g a l  code . It was noted i n  t h i s  connact icn  , 
however, t h a t  c o n t r o l  over  coa l  r e s e r v e s  could becons p c r : i c u l ~ -  
r l y  important  i f  market f o r c e s  were not pe rmi t t ed  t o  f u n c t i o n  
p roper ly  , Since  i n  some c o u n t r i e s  a s i g n i f i c a n t  p ropor t i cn  of 
r e s e r v e s  was i n c r e a s i n g l y  being c o n t r o l l e d  by t r a n s n a t i o c a l  
energy corpora t ions , f  u r t h e r  s t u d y  was c a l l e d  f o r  on possible 
consequences. 
5 7 ,  Thus , developing c o u n t r i e s  intend-ing t o  e s t a b l i s h  t h c  
i n d i s p e n s a b l e  i n s t i t u t i o n a l  and l e g a l  f  rarnework f o r  t h e 2 r  
own mining had f o r  t h a t  purpose a f a i r  rango of e x m p l e s  Frc::: 
deveroped c o u n t r i e s  . The adopt ion  of a proper  sysicm depcndad 
on numerous c o n d i t i o n s  p r e v a i l i n g  i n  a  given count ry  . 
58. It was obvious t h a t  the m u l t i f a r i o u s  f e a t u r e s  of p s r t i -  
c u l a r  c o u n t r i e s  would a l r ~ a y s  have a bear ing  on 'the di"" I , ercn- 
t i a t i o n  of g e o l o g i c a l  and mining r e g u l a t i o n s  i n  r e l s t i o z  t o  
l o c a l  needs. 
Hoia~ever , i t  was worth emphasizing t h a t  t h e r e  was ncLtJ c z c r z i n q  
t h e  n e c s s i t y -  of having an i n t e r n a t i o n a l l y  accopted ccd3 
i n  o r d e r  t o  facilitate i n t e n s i f i e d  i n t e r n a t i o n a l  c o n t z c i s ;  
p a r t i c u l a r l y  i n  t h e  f i e l d  of t r a d e  , From t h e  more o u t s ~ a ~ 2 i n g  
mat te rs  c a l l i n g  f o r  s t s n d a r d i z a t i o n  on an i n t e r n a t i o n a l  
s ca l e  , mention cou ld  be aade o f  t he  f o l l o w i n g  : c l a s s i f i -  
c a t i o n  of  c o a l  resources and reserves t o  d e f i n e  more accura- 
t e l y  t h e i r  s i z e  acco rd ing  t o  types o f  c o a l  ; c l a s s i f i c a r f o n  
o f  s o l i d  f u e l s  f o r  purposes o f  t r ade  end u t i l i z a t i o n  ; 
c l a s i f i c e t i o n  systems regard ing  p a r t i c u l a r  m in ing  hazards, 
among o t h e r  t h i n g s  , i n  o rde r  t o  u n i f y  t h e  p r i n c i p l e s  or' 
admit tance o f  m in ing  machinery i n t o  ope ra t i on  ; standards 
f o r  p r o t e c t i n g  t h e  environment f rom t h e  e f f e c t s  o f  c o a l  
m in ing  opera t ions  and the  u t i l i z a t i o n  o f  c o a l  and i t s  products,  
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59, I n  coal -producing c o u n t r i e s  the  number o f  people smployed 
i n  c o a l  min ing  is u s " a l l y  l e s e  than one p e r  cent o f  t he  t o t a l  
work f o r c e  . T h i s  f a c t  appea-red t o  t e s t i f y  t h a t  t h e r e  shou ld  
be no major  obs tac les  i n  r e c r u i t i n g  l a b o u r  t o  work i n  c o l l i e -  
r i e s  ,, 
60, I n  connect ion w i t h  t he  constant  t e c h n i c a l  and o rgan i za t i o -  
n a l  p rogress  , p r o d u c t i v i t y  would be improv ing  , a l though a t  
t he  same t ime tho  g e o l o g i c a l  and m in ing  c o n d i t i o n s  would Go 
d e t e r i o r a t i n g ,  There fora  , i t  was t o  be expected t h a t  t h e  
r a t e  o f  p r o d u c t i v i t y  growth would n o t  exceed v e r y  nuch rhc 
r a t e  o f  p roduc t i on  . On the  b a s i s  o f  f o r e c a s t s  nado by chc 
World Energy Conference on c o a l  p roduc t i on  , the I n t e r n a c f o n r l  
Labour Organ iza t ion  es t ima ted  t h a t  the  r a t e  o f  p r o d u c t i v i 2 y  
would excoed the  r a t e  o f  p roduc t i on  by  betwoen 1 and 3 per con 
Consequently , t h e , I L O  p r e d i c t e d  t h a t  by t he  yoor  20C5, ss 
compared w i t h  1977 , a i i h  a 2,3 - f o l d  p roduc t i on  i n c r c z c =  t k c  
workforce bvould have inc rs33ed  1,8 t imes , w h i l e  i n  2523 ::ith 
a 3 , 5  - f o l d  h i g h e r  p roduc t i on  tho  work f o r c e  would hzvo 
i nc reased by 2.5 t imes , I n  t h i s  way ,w i th  a  probable ccploy- 
ment of  4.7 m i l l i o n  people i n  c o a l  m in ing  i n  1977, t h i s  mz3 
l i k o l y  t o  r i s e  t o  8.4 m i l l i o n  i n  2000 , and t o  11.6 n i l l i o n  
i n  2020. 
61, As c o u l d  bo s o e n  , t h i s  p r e d i c t e d  i n c r o a s o  i n  t h o  csz.>zr 
o f  ornployoas n o u l d  n o t  bz easy t o  a r r i v e  a t  , T h i s  c;;2:cr2d 
to c o n f i r m  t h e  a s s o r t i o n  of  m n y  e x p o r t s  t h a t  ono of t i13 
most c h a l l e n g i n g  p r o b l e m  i n  the o c h i o v a n o n t  of t h o  prcc!ic:sd 
i n c r e a s e  i n  c o a l  p r o d u c t i o n  would be - a p a r t  f rom t h o  cvsfL3- 
b i l i t y  of  c a p i t a l  f o r  e x p a n d i n g  p r o d u c t i o n  c a p a c i t y  - 2;;s 
r e c r u i t m e n t  of l a b o u r  , I n  dove loped  c o u n t r i e s  t h o  p r o b l c a  
would c o n c e r n  r e c r u i t m e n t  of p e o p l e  i n  g e n e r a l  , and  i n  
d e v e l o p i n g  c o u n t r i o a  , t h e  r o c r u i t m e n t  o f  e k i l l o d  pooplo . 
62, I n  o r d e r  t o  e n c o u r a g e  p e o p l e  t o  work i n  c o a l  mining , 
t h e  m i n e r 8 s  t r a d e  had t o  be made more a t t r a c t i v e  , The \*tor!< 
of a m i n e r  had t o  become easier  and more p r o d u c t i v e  , 7 % ~  
work ing  envi . ronment  hed t o  be  improved t h r o u g h  g u a r d i n g  rho  
m i n e r s  a g a i n s t  n a t u r a l  h a z a r d s  , The m i n e r s  and t h e 3  f o n i l i e s  
s h o u l d  a l s o  e n j o y  p r o p e r  l i v i n g  c o n d i t i o n s  . 
63. The i m p o r t a n c e  of  f a m i l i a r i t y  w i t h  b a s i c  s a f e t y  r e g u l a t i o n s ,  
and t h e  growing demands w i t h  r e g a r d  t o  s k i l l s ,  r e q u i r e d  a s u i t a -  
b l e  s y s t e m  of t r a i n i n g  and e d u c a t i o n  f o r  p e o p l e  a l r e a d y  u o r k i n g  
o r ' i n t e n d i n g  t o  work i n  mining , Such s y s t e m s  e x i s t e d  i n  a 1 1  
d e v e l o p e d  c o u n t r i e s  , and  i n  some d e v e l o p i n g  c o u n t r i e s  , 
64, So l o n g  a s  d e v e l o p i n g  c o u n t r i s s  were n o t  i n  a  p o s i t L o n  
t o  p r o p o r o  o l < i l l o d  poraonnol f o r  mining domoo t i c a l l y  , ~ ; I L ;  
dovelopod c o u n t r i e s  s h o u l d  o f f o r  them t h e  n e c e s s a r y  a s s i c t c n c o ,  
The d o v e l o p i n g  c o u n t  r i o s  t hamse lves  , however , hclvo ad-, izvcd 
s i g n i f i c a n t  l eve l s  of t r a i n i n g  i n  o t h e r  e n e r g y  indus:rt:z , 
and t r a i n i n g  p rogramnes  i n  c o a l  e x p l o r a t i o n  , d e v e l o ~ z c n t  
and u t i l i z a t i o n  s h o u l d  be g i v e n  sono  p r i o r i t y  in.vic: ; l  0;' :kc 
s p e c i a l  e n e r g y  p rob lems  0 5  most o f  t h e  d e v e l c p i n g  countries. 
l n t o r n a t i o n a l  a s s i s t a n c e  o r g a n i z a t i o n s  s h o u l d  i n c r o a s o  Z k o i r  
role i n  t h i s  r e g a r d  , 
V I I I  RESEARCH AND DEVELOPMENT 
65, An ind iepensab lo  f a c t o r  i n  roduc ing  the  t o c k n i c a l  2nd 
economic d i f f i c u l t i e s  i n  min ing  was t he  a c t i v e  dove10,~~. p - - i ~ r . ~  
o f  research and development . Th i s  was aimed a t  p r o v i d i n g  
increased p r o d u c t i v i t y ,  improved sa fe ty - ,  p r o t e c t i o n  o f  env i -  
ronment , and more favourab le  economics, 
66. A t  presents  , t he  p r i n c i p a l  d i r e c t i o n s  o f  R + D i n  c o a l  
min ing  were : 
- f u r t h e r  development o f  e x t r a c t i o n  techno log ies  in underground 
and opencast opera t ions  t o  safeguard h i g h e r  ou tpu t  and s a f e t y ,  
- improvement o f  c o a l  p r e p a r a t i o n  techno log ies  i n  compliance 
w i t h  t he  requi rements o f  c o a l  u t i l i z a t i o n  , 
- s o l u t i o n  o f  problems connected w i t h  t r e n g o r t a t i o n  o f  l a r g o  
c o a l  tonnages over  cons iderab le  d i s tances  , 
- c o a l  convers ion  i n t o  l i q u i d  , gaseous , and s o l i d  f u s i s  and 
chemicals , 
- c o n t r o l  o f  c o s l  e x t r a c t i o n  and u t i l i z a t i o n  processoc t o  
min imize  the  impect on the  environment , 
67, I n  deve lop ing  c o u n t r i e s  i n c r e a s i n g  R + D activities r.:zro 
a l s o  be ing  undertaken t o  meet the  s p a c i f i c  needs o f  psrtieul:ir 
c o u n t r i e s  , However , due t o  the  i n c r e a s i n g l y  conplcx n s t u r z  
o f  c o a l  development , i t  was t ~ d a y  un th i nkab le  t o  conduct 
e f f e c t i v e  R + D w i t h o u t  i n t e r n a t i o n a l  co-operat ion e n b r ~ c i n g  
a l l  t he  c o u n t r i e s  concerned , 
I X  INTERNATIONAL CO-OPERATION 
68, The present  and f u t u r e  energy problems had w o r l d a i d s  
dimensions and , t h e r e f  ore, had t o  be eolved on an i n t c m a -  
t i o n a l  s c a l e  . 
69. I s s u e s  concern ing  c o a l  as one o f  t h e  b a s i c  p r i n a r y  cnorgy 
forms were s u b j e c t s  o f  i n t e r e s t  a t  numerous c e n t r e s  i n  tho 
world,  An approach c o n s i s t i n g  i n  t a c k l i n g  t h e  e s s e n t i a l  mat te r :  
f rom v a r i o u s  ang les  was ex t remenly  u s e f u l  i n  t h e  l i g h t  o f  
safegua.rding s u f f i c i e n t  energy s u p p l i e s  and , consequent ly  , 
of m i n i m i z i n g  tene ions  n o t  o n l y  i n  t h e  w o r l d  energy s i t u a t i o n ,  
b u t  i n  t h e  w o r l d  a t  l a r g e  . 
70, There were c o u n t r i e s  w i t h  developed m in ing  p o t e n t i a l s  and 
c o u n t r i e s  w i t h  l e s s  f a v o u r s b l e  c a p a c i t i e s  . A l l  i n t o r n ~ t i o n a l  
co-operat ion shou ld  t a k e  i n t o  account endeavours a inad  a t  
th raduc. t ion o f  gaps i n  t e c h n i c a l  l e v e l s  between c o a l  indus-  
t r i e s  o f  v a r i o u s  c o u n t r i e s  . A s i g n i f i c a n t  r o l e  i n  th2s  co- 
-ope ra t i on  c o u l d  be accorded t o  R + D . 
71.. I n  i n t e r n a t i o n a l  co-opera t ion  concern ing c o a l  , o u t s t a n d i n g  
f u n c t i o n s  were t o  be performod by the  U n i t e d  Na t ions  znd t h e  
v a r i o u s  o r g a n i z a t i o n s  assoc ia ted  w i t h  i t .  From among t 2 3 . ~  , 
f i r s t  of  a l l  was t o  be mentioned t h e  UN Economic and Social 
C o u n c i l  w i t h  i t s *  Cent re  f o r  N a t u r a l  Resources ,Energy scd 
. Transpor t ,  Department o f  T e c h n i c a l  Co-operat ion f o r  Dcvzlopcent,  
under whose auspices t h i s  Symposium had taken p l a c e  . The organ 
which was comple te ly  ded ica ted  t o  c a r r y i n g  ou t  comprehcnsiv3 
co-opera t ion  i n  c o a l  problens,was the  Coa l  Cosmir tce o f  t h o  
UN Economic CConnission f o r  Europe, The Committee's a c 2 i v i t i e s  
were d ischarged w i t h  t h e  ass i s tance  of s i x  permanent grcu7s 
of e x p e r t s  who focused t h e i r  a t t e n t i o n  on such v i t a l  issucs as:  
p e r s p e c t i v e s  on t h e  r o l o  o f  c o a l  , e x t r a c t i o n  methods,ersns- 
p o r t a t i o n  , p r e p a r a t i o n  , u t i l i z a t i o n  , economics , cnv i ron-  
menta l  p r o t e c t i o n  and many others.  Coa l  was a l s o  r o f a r r c a  co 
i n  tho a c t i v i t i e s  of tho I n t o r n a t i o n a l  Labour O r ~ a n i z a t i o n  .' 
through i t s  Committee of  Coal Minec , UNESCO , UNEP , UNIDO . 
UNCTAD , UNITAR , and ochors, 
72, I n  concluding ,tho r e o u l t s  of t h i s  UN Symposium on Vio;lL 
Coal Prospects should become guidolinoe f o r  strengthonin5 c n i  
widening the a c t i v i t i e s  of  the obovenentioned organizat ioas ss 
well ae others involved tho f i e l d  of  coal. 
SOME PROBLEMS OF MANAGEMENT AND PRODUCTION ENGINEERING IN THE 
COAb INDUSTRY OF THE USSR 
V.B. Moskvin 
Chief, Laboratory for Technical and Economic 
Analysis, Central Research Institute of Eco- 
nomic and Scientific and Technical Informa- 
tion for the Coal Industry of the USSR 
The coal industry of the USSR is characterized by high 
rates of development - in 1978 the total run-of-mine coal 
production amounted to 723.6 million tons (664.4 million tons 
of salable coal), an increase of 100 million tons, or by 16%. 
as compared to 1970. The development of the coal industry is 
accompanied by coal production concentration - the number of 
mined decreased over the said period from 700 to 581; in the 
mean time underground and opencast mines have undergone a 
wide-scale re-equipment programme. 
With a view to improve quality of coals, used in different 
branches of national economy, advanced rates of coal preparation 
activity growth are ensured - the tonnage of coal treated at 
USSR coal preparation plants in 1978 reached 344.1 million tons 
or 1.2 times more than in 1970. 
Coal mining in the USSR is featured by adverse geology, 
which become more and more complicated - an average annual 
increase of mining depth amounts to 10 meters; by the end of 
1973 work depth for the whole industry was 436 meters, while 
that for the Ukranian part of the Donets basin reached 585 
meters. At 107 underground mines work depths were in excess 
700 meters. The share of coal output from underground mines 
with high gas emission rates is ever growing. 
Increased level of production, mechanization and coal 
output concentration under the conditions of worsening geology 
requires further improvementsin the field of management and 
production engineering. 
Taking into account the facts mentioned above, as well as 
the problems suggested to be discussed it would be desirable 
to touch upon the following aspects, which reflect the experience 
gained by the USSR coal industry. 
1. Improvement of analysis technique providing for the identi- 
fication of production potentials and more comprehensive 
planning and management. 
Over the last years a number of basic steps were implemented 
in the USSR coal industry aimed at improving analysis technique 
and developing systems analysis for the solution of technical and 
economic problems. Systems analysis is designed to reflect 
complex interdependent relationships between natural, techno- 
logical and production engineering factors, identifying inner 
production resources, as well as to contribute to maximum 
utilization of the latter at all levels of management - from 
coal-winning section, mine or preparation plant up to Production 
Unit and Head-quarters staff of the Ministry of the coal industry 
of the USSR. 
Basic measures implemented in the field of management and 
production engineering with the view to ensure high economic 
efficiency of the coal industry involve change-over to two or 
three level management system, expanded scope of Production Unit 
activities, establishment of Analytical Study Groups at all 
levels of management and cooperation withmerous Scientific 
and Research Institutes for conducting analytical investigations. 
Central Research Institute of Economics and Scientific and 
Technical Information for the Coal Industry of the USSR and the 
Head-quarters staff of the Ministry have jointly developed 
methodological instructions defining the scope, sequence of 
work and algorithm for carrying out technical and economic 
analysis, covering the activity of a Production Unit as a whole, 
as well as the operation of separate mines or coal preparation 
plants. 
According to the worked-out methodology, systems approach 
while performing analysis is provided for by integrating matrix- 
type interdependence of operation processes, on the one hand, 
and functional and correlation interdependence of production 
factors and resulting technical and economic indices, on the 
other hand. 
Analysis of production potentials should compromise the 
following : 
1. reliable quantitative assessment of effects of geo- 
logical and production engineering factors on produc- 
tion efficiency indices, such as productivity, cost of 
production and profitability; 
2. sound assessment of production capacity of.an enter- 
prise as a whole or of separate technological units 
at a given enterprise; 
3. development of a set of measures, primarily in the 
area of production engineering, intended to eliminate 
so-called "bottlenecks". 
Apart from operation analysis for separate enterprises and 
Production Units involved in coal mining or processing, analytical 
studies of performance records concerning capital construction, 
machinery manufacturing plants and transport facilities within 
the coal industry, as well as investigations into the availability 
of rolling stock, supplied by the Ministry of Railways, are 
carried out at special R&D institutes. 
While conducting analytical studies great attention is 
placed upon summarizing and systemizing financial and cost 
accol~nts. Computer-based information system intended for all 
levels of management has been implemented, providing for infor- 
mation reports (published daily, weekly, monthly, quarterly, 
annually), that reflect the dynamics of performance records and 
progress in achieving plan targets within the scope of activities. 
While certain successful results in the organization and 
methodological provision of technical and economic analysis have 
been achieved in the coal industry, the system of information 
provision needs further improvement, in particular mare thorough 
selection of information actually needed for the appropriate 
levels of management, improving the reliability of information, 
ensuring the continuous flow of information. 
2. Application of computers for management in the coal industry 
Development and introduction of automated systems of manage- 
ment in the coal industry of the USSR is one of the major trends 
in improving efficiency of managment in the industry. In recent 
years a complicated complex of organizing and technical measures 
has been carried out aimed at wide-scale application of computers 
at all levels of management, as well as in numerous research and 
development establishments. Alongside with this, efforts are 
directed at putting in good order flows and scope of information, 
classifying and coding information, unification of documents, 
putting in good order standards and reference records, up-dating 
systems for transmitting input and output data. 
Necessary preconditions are being created for more efficient 
utilization of computers in the sphere of productive activities 
of large industrial enterprises and production units in the coal 
industry. Computers are used on a wide scale in research and 
development . 
At present within the coal industry automated systems of 
management nearly 200 complexes of problems are being solved, 
including such planning problems as calculating target figures 
of annual output for coal production units, optimum distribution 
of coal output for collieries, analysis of fulfilling coal out- 
put plans and introduction of productive capacities, solutions 
are being found to numerous problems on labour and wages, on 
calculating proceeds, on provisioning, planning, accounts and 
analysis of manpower deployment, product quality control, etc. 
An important part of the industry-wide automated system of 
management is the subsystem of operational accounting and process 
control which ensures the solution of a complex of problems the 
results of which provide for making operational managing decisions 
prior to the expiration of plan periods (month, quarter). Along- 
side with the accounting problems, the subsystem ensures the 
control of timely reproduction of the total coal face length, 
efficient utilization of mechanized complexes, operation of mine 
ventilation networks, development of coal reserves at open-pit 
mines, etc. 
An ever increasing importance is being attached to the 
application of computers in research and mine development - fore- 
casts of long-term development of the coal industry based on the 
elaboration of numerous alternative options of mine design for 
each colliery, open-pit, preparation plant. Optimizing calcula- 
tions envisaging the most economically efficient trends for the 
coal industry development are accomplished taking into account 
requirements for a technological feedstock and fuel power 
generation. 
At present, alongside with problems of regional and industry 
ature, computers are successfully used for modelling individual 
production processes and enterprises as a whole which allows for 
the validity and efficiency of managing decisions to be improved 
if the production cycle is swerved from the present rythm and for 
better utilization of production potentials. 
Introduction of information retrieval systems for servicing 
the Ministry headquarters staff and leading specialists from 
production units has commenced. 
One of the primary scientific and practical aims, which 
should be solved using computers, is the improvement of methods 
to calculate potentials of production units and their personnel, 
which will allow to improve the reliability of plan calculations 
and to assess the degree of utilizationofthe available resources. 
A comprehensive programme of work has been carried out in 
the coal industry with the aim of introducing computer methods in 
the practice of industry planning, this work is accomplished in 
coordination with the developmentof economic methods of manage- 
ment improvement of organization structures, instructions and 
other methodical materials for personnel of the planning and 
economic service. The major part of the work being carried out 
to improve planning in the industry is the development of a system 
of engineering, organizing and economic standards for the elabora- 
tion of current and long-term plans. Practically all main research 
and development Institutes are engaged in solving this problem. 
Alongside with standards for direct calculations (consumption 
of resources per unit of production, etc.) the following important 
standards are being developed - ratios of potentials of techno- 
logical links (which under the conditions of probability nature 
of a mining enterprise is a rather complicated problem to solve), 
terms of construction of mines of different productive capacities 
and in different geological conditions, terms of achieving rated 
technical and economic indices, etc. 
Improvement of standards alongside with the expanding use of 
computers will be a major factor for improving the reliability of 
plan calculations in the coal industry. 
3. Environment protection 
The necessity to take efficient measures in the field of 
nature protection, and in particular environment protection, has 
been legislatively confirmed by the USSR Constitution. 
In accordance with the decisions of the Communist Party 
and the Government of the Soviet Union aimed at protection and 
rational utilization of natural resources in all coal basins of 
the country organizing and engineering measures are being taken 
to protect the,environment. 
During the Tenth Five-Year Plan period (1976-1980) capital 
investments in nature protection more than trebled compared to 
actual expenditures in 1971-1975, over this period.more than 
20 thousand hectares of mined land will be recultivated, by the 
end of the Five-Year Plan period cleaning of effluent waters 
[which require cleaning) will be practically completed. 
Main trends in the field of water protection from pollution 
by waste waters from coal industry enterprises are as follows: 
cleaning of effluent waters; introduction of closed circuit 
systems of industrial water supply eliminating emission of 
industrial wastes (effluents) of water streams at coal prepara- 
tion plants, hydraulic mines and open pits where hydraulic 
method of overburden removal is employed; reducing water in-rushes 
to mine workings prior to and during mining operations (prelimin- 
ary water drainage) maximum utilization of waste waters for 
industrial water supply at colliers, open-pits, coal preparation 
plants, cooperating enterprises and for agricultural purposes. 
Special technological schemes approved by the USSR Ministry 
of the Coal Industry have been worked out for cleaning mine 
waters which provide for preliminary water clarification, 
filtration and hygenic treatment of clarified water and residue. 
In the long-term future it is envisaged to change over to deep 
cleaning of waste waters with subsequent utilization of waters 
not only for industrial but also for domestic purposes, to carry 
out complete treatment of wastes from effluent waters and 
utilization of treatment products in the national economy. 
In order to prevent air pollution measures are being taken 
to extinguish burningspoil banks and prevent their spontaneous 
combustion; eliminate small boilers and set up large fuel-and- 
power installations for consumers; improve the technology of fuel 
combustion and dust extraction. 
At coal preparation and briquetting plants drying installa- 
tions are being equipped with highly efficient systems for dust 
and gas cleaning. At open-pit mines it is expected to use 
explosives with zero or nearly zero oxygen balance in order to 
reduce emission of harmful gases; technological motor transport 
will be equipped with special neutralizers for exhaust gas 
scrubbing; it is expected to use water spraying and pumping 
devices and different binding additives to reduce dust formation, 
The coal industry is one of the most land consuming branches 
of the national economy. On the average, production of one 
million tonnes of coal is accompanied by disturbance of 7 hectares 
of land, mainly agricultural. 
Comprehensive measures are taken in the coal industry to 
reduce harmful effects of mining operations upon land resources, 
these measures are in accordance with the USSR land legisla- 
tion and instructions on protection and rational utilization 
of all natural resources. 
One of the main trends in implementing these measures is, 
first of all, reduction of land areas which are disturbed in the 
process of working the reserves. This is achieved by the opti- 
mization of locating mines, buildings and communications in 
planning, construction and reconstruction of enterprises, by 
maximum disposal of overburden rocks in worked-out areas, by 
development of stowing in underground coal mining. 
The scope of work on reclamation and recultivation of mined 
land is being expanded; at present, over four thousand hectares 
of mined land are reclaimed and returned for subsequent use in 
the national economy annually, this figure will be steadily 
growing. Mare than a haldi of production units run by the Coal 
Ministry carry out recultivation, the scope of which exceeds 
annual areas of disturbed land. In the long-term future it is 
expected to increase the scope of these operations by 2.5 to 3 
times, which will allow for all previously disturbed land to be 
reclaimed in the next decade. 
Organizing management in the field of environment protection 
in the coal industry is implemented by the appropriate Department 
of the Ministry Headquarters; research, forecasting, working out 
of standards in this field are carried out by a specially set up 
establishment - the A11 Union Research and Development Institute 
for Environment Protection in the Coal Industry. 
In July 1979 the Central Committee of the Communist Party of 
the Soviet Union and the Council of Ministers of the USSR 
adopted the Resolution "On the Improvement in planning and 
Strengthening the Impact of the Economic Mechanism of Increasing 
the Efficiency and Quality of Work". This document outlines 
actual measures aimed at improving the level of planning in the 
national economy, at improving the efficiency of capital invest- 
ment, at strengthening the role of economic levers and incentives. 
Purposeful work being carried out in the coal industry on 
the realization of the Party and Government decisions will 
ensure further growth of the production efficiency and complete 
satisfaction of steadily increasing needs of the national economy 
in coal. 
P L A N N I N G  F O R  P R O D U C T I O N :  
D E A L I N G  W I T H  U N C E R T A I N T Y  
I . R .  T u r n e r  
O p e r a t i o n a l  R e s e a r c h  E x e c u t i v e  
N a t i o n a l  C o a l  B o a r d  ( U K )  
1.1 The U K  i !n t iona l  Coal  3oard  o p e r a t e s  230 d e e ~  mines ,  which have a n  a n n u a l  
p r o d u c t i o n  o f  about  105 m i l l i o n  tonnes .  It u s e s  t h e  c o n v e n t i o n a l  ' l i n e  
and s t a f f '  mnnagerne~t o r g a n i s a t i o n .  I n  o r d e r  t o  d e a l  w i t h  s o  many 
c o l l i t r i e s ,  i t  is n e c e s s a r y  t o  d i v i d e  them i n t o  1 2  g e o g r a p h i c ~ d  g r c u p s  
c a l l e d  'Areas ' .  There  a r e  t h r e e  l e v e l s  o f  rnanagenent: 
( a )  t h e  Zoard o f  D i r e c t o r s  
( b )  t h e  12 'Area '  D i r e c t o r s  
( c  ) t h e  230 C o l l i e r y  Managers 
1.2 Both t h e  3oard  o f  D i r e c t o r s  and each  'Area '  D i r e c t o r  h a s  s u b s t a n t i a l  s t a f f  
d i v i d e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f u n c t i o n s :  - 
( a )  p roduc t  i o n  
( b )  m i n i n ~  
( c )  e n g i n e e r i n g  
( d l  f i n a n c e  
( e l  m s r k e t i n g  
( f  p e r s o n n e l  
(G) p u r c h a s i n g  
Each C o l l i e r y  I !aneger ls  s t a f f  is v e r y  small, and c o n t a i n s  s p e c i a l i s t s  i n  
p r o d u c t i o n ,  e n g i n e e r i n g  and p e r s o n n e l  on ly .  
I  I n  a d d i t i o n  t o  t h e  l i n e  and s t a f f  o r g a n i s a t i o n  d e s c r i b e d  above t h e r e  a r e  a 
number o f  independen t  b o d i e s  w i t h i n  t h e  N a t i o n a l  Coa l  3oard  which behave 
l i k e  wholly-owned s u b s i d i a r y  companies. The most i m p o r t a n t  o f  t h e s e  a r e : -  
( a )  The Opencast  Ekecut i v e  
( b )  Coal  P r o d u c t s  Ltd. 
( c )  Con2ower Ltd. 
( d )  The Nines Research and Development E s t a b l i s h m e n t .  
( e l  The Coal  Research E s t a b l i s h m e n t .  
( f )  The Gperat  i o n a l  Resea rch  Execu t ive .  
The O n e r a t i o n a l  Research S x e c u t i v e  
The G p e r a t i o n a l  Research E x e c u t i v e  compr i ses  125 o p e r a t i o n a l  r e s e a r c h  
s c i e n t i s t s  and 12  back-up s t a f f .  They a r e  a s s i g n e d  t o  f i e l d s  o f  work 
a c c o r d i n g  t o  t h e i r  cus tomers .  T h i s  means t h a t  we have l i t t l e  o p p o r t u n i t y  
t o  s p e c i a l i s e  i n  2 p a r t i c u l a r  k i n d  o f  problem or  o p e r a t i o n a l  r e s e a r c h  
t e c h n i q u e ,  bu t  we a r e  a b l e  t o  d e v e l o p  good working r e l a t i o n s h i p s  w i t h  o u r  
cus tomers .  The f i e l d s  o f  work may b e  d i v i d e d  i n t o  f o u r  groups:-  
( a )  Work f o r  ~ a t i o n a l  H e a d q u a r t e r s  Depar tments ,  s u c h  as mining o r  
f i n a n c e .  
( b )  'dark f o r  ' Area ' managements. 
( c )  Long-Tern Resea rch ,  ~ o r r n a l l y  a t  o u r  own s u g c e s t i o n ,  b u t  w i t h  t h e  
s u p p o r t  o f  two o r  more heads  of  H e a d q u a r t e r s  Depar tn:ents ,  o r  o f  
t h e  i3oard o f  D i r e c t o r s .  
( d )  Consu l t ancy  work f o r  o t h e r  o r g a n i s a t i o n s .  
30 Plar.:?ir:~: f o r  P r o 2 u c t i o n  
The work I s h a l l  d e s c r i b e  was c a r r i e d  o u t  f o r  t h e  ~ a n a g e ? e n t  o f  one o f  
t h e  i : a t ionn l  Co?l.  .-osrci ' s  'Areils '  . ?!!r.ou~;hout t h e  periocl ,  two 0.3. 
s c i e r t i n t s  Were deployed t c  t h e  'Area ' .  The work occup ied  abou t  2 man-year, 
sp rcxd  o v e r  n ~ c r i c d  of a b o u t  3 y e a r s .  
The 'i 'cea' must a l n n  t o  n a x i n i s e  p r o i i t  w i t h i n  c e r t a i n  p a r a m e t e r s  a g r e e d  
w i t h  t h e  Board c f  i l i r e c t o r s .  Among t h e s e  parameters a r e  - 
( a )  P r i c e s  
( b )  iiage Hates  
( c )  ' t o t a l  Output 
The 'Area '  m a n a ~ e n c n t  h a s  c o n t r o l ,  t o  n g r e a t e r  o r  l e s s e r  d e g r e e ,  o v e r  
mining methods, c a p i t a l  i n v e s t c e n t ,  r e c r u i t m e n t ,  t r a i n i n g  and market ing.  
V/e were a u t h o r i s e d  t o  c a r r y  o u t  t h i s  work by t h e  Area D i r e c t o c  
4 D e a l i n z  wi th  U n c e r t a i n t y  
4.1 A l l  b u s i n e s s  p l a z n i n s  muzt d e a l  l:!ith u n c e r t a i n t y  abou t  t h e  o u t s i d e  wor ld ,  
concern in,^, f o r  exalnple, t h e  c o s t  o f  r a w  materials and t h e  demand f o r  t h e  
p r o d u c t s  o f  t h e  b u s i n e s s .  
4.2 Bus iness  p l n r n i n q  i n  t h e  c o a l  mining i n d u s t r y  is f u r t h e r  compl ica ted  by 
u n c e r t a i n t y  about  i n t e r n a l  f a c t o r s .  I f  we p l a n  t o  put  a c o a l f a c e  i n  o 
p a r t i c u l a r  lot?: i o n ,  we do no t  know: - 
(a) whether  t h e  coalfc ice  car, be d e v e l o p x i  
( b )  hox l o n g  i t  w i l l  l as t  
( c )  a t  what r a t e  i t  w i l l  produce 
( d )  how m c h  i t  w i i l  c o s t  t o  o y e r a t e  
( e )  what r e s o u r c e s  i t  w i l l  r e q u i r e ,  e s p e c i a l l y  how many men 
w i l l  be req..:ired t o  w o r ~  i t .  
4.3 This  paper  is about  overccmicg t h e  i n t e r n a l  u n c e r t a i n t y  i n  c o a l  mining f o r  
t h e  purposes  of b u s i n e s s  p i a c n i c ~  f o r  a g roup  o f  18 mines i n  Zngland. The 
s i z e  o f  t h s  graxu is i n p o r t a n t .  The ze thod  I s h a l l  d e s c r i b e  depecds  upon 
t h e  i d e n t i f i c a t i o n  o f  s e t s  o f  c a a l f a c e s  w i t h  siai lar  c h a r a c t e r i s t i c s ,  and 
each  s e t  must have s u f f i c i e n t  men:bers f o r  i t s  a v e r a g e  performance t o  be  
f a i r l y  s t a b l e .  
4.4 The c o l l i e r i c s  i n  q l l c s t i o n  a r e  i n  g e n e r a l  q u i t e  small. They have a combined 
l a b o c r  f o r c e  o f  a b o u t  17,003, and produce about  8.5 m i l l i o n  t o n n e s  p e r  y e a r ,  
mainly o f  c o k i n s  c o a l s ,  f r a n  about  53 1ong:;all s e c h a n i s e d  f a c e s  o p e r a t i n g  ix 
seams between 0.9 and 2.0 a e t r e s  t h i c k .  
4.5 The essence  o f  b u s i n e s s  p l a n n i n r  is f o r e c a s t i n g  t h e  outcome o f  a l t e r n a t i v e  
plar ls  i n  t e r n s  of o u t p u t ,  mmpovcr and c o s t s .  I n  t h i s  p a p e r ,  I s h a l l  d e a l  
on ly  w i t h  o u t p u t  and n n n p w e r  fo reca : : t s  f o r  a  p e r i o d  o f  f i v e  y e a r s  ahead. 
4.6  I n  searchin:  f o r  a b e t t e r  way of f o r e c a s t i n g  ou tpu t  and mangower requ i rements ,  
we have f i r s t  t o  unders tand  t h e  r snzocs  f o r  o u r  c u r r e n t  ou tpu t  and manpott:er 
l e v e l s .  Th is  cannot  be done in an sbso l .u te  s e n s e ,  bu t  soale progres:; can be  
made by andysir.;: ch,?nges t h a t  have t aken  p l a c e  i n  r e c e n t  y e a r s ,  
5 H i s t o r i c e l  i ina lys i s  
A v a s t  body o f  d a t a  e x i s t s .  t!e used a c o r n ~ u t e r  program t o  a n a i y s e  i t  i n  every  
c o n c e i vab l e  way. tinowing t h e  changes i n  o u t p u t ,  f a c e  mansh i f t s  and t o t a l  
m a n s h i f t s  f o r  t h e  group over  t h e  p r e v i ~ u s  t e n  y e a r s ,  we s o u ~ h t  t o  e x p l n i n  them 
i n  t e rms  o f  - 
(a) Seams worked. 
( b )  Face dimensions ,  and number o f  f a c e s  i n  p roduc t i oc .  
( c )  Mining methods. 
( d )  A t t i t u d e s  of men. 
( e )  Rules  and r e g u l a t i o n s .  
(f) Markets,  and Coal P r e p a r a t i o n  Techniques. 
Wot a l l  o f  t5.ese were i m ~ o r t n n t .  A sumcary cf t h e  impor tan t  r e s u l t s  o f  t h e  
a n a l y s i s  is given at Appendix A. These r e s u l t s  app ly  on ly  t o  t h e  18 c o l l i e r i e s  
i n  q u e s t i on .  Another group would g i v e  q u i t e  d i f f e r e n t  r e s u l t s ,  because its 
g e o l o g i c a l  c i r cums t ances ,  mining t e chn iques  and mcmazement ph i losophy  would 
have developed d i f f e r e c t l y ,  and i t  might have been s u b j e c t e d  t o  d i f f e r e n t  
a t t i t u d e s  amongst t he  men, and s o  on. 
We arc not  o p e r a t i n g  i n  s c i e n t i f i c  t h e o r y ,  where we might demand t o  be 
convinced wi th  9%; con f idence  of  each r e s u l t .  It is neces sa ry  t o  form some 
c o n c l u s ion  even when t h e  ev idence  is weak. Some o f  t h e  ev idence  f o r  t h e  
c o n c l u s ions  ~ i v e n  i n  Appendix A is not  very  s t r o n g ,  bu t  t h e  conc lu s ions  have 
proved t o  be good w o r ~ i r . 6  hypotheses ,  which we may hope t o  improve i n  l a t e r  
y e a r s  as o u r  unders tand ing  andl'or i n fo rma t ion  improves. 
The dominant f e a t u r e  o f  o u r  fi!ldir.$s was t h a t  a p p a r e n t l y  haphazard v a r i a t i o n s  
i n  p r o d uc t i on  and p r o d u c t i v i t y  can be exp l a ined  by s t a b i l i t y  o r  slow and s t e a d y  
change i n  a number o f  i n t e r - r e l a t e d  f a c t o r s .  Fur thermore,  a number o f  f a c t o r s  
which were p r ev ious ly  r e ~ a r d e d  a s  impor t sn t  were shown t o  be n e g l i g i b l e  - t h i s  
was a g r e a t  r e l i e f ,  f o r  some o f  them cannot  be measured, l e t  a l o n e  f o r e c a s t .  
The a n a l y s i s  used t h r e e  s e t s  o f  c o a l f a c e s  ( th in-seam advancing,  thick-seam 
a d v e n c i n ~ ,  and r e t r e a t ) ;  each s e t  showed r ea sonab l e  s t a b i l i t y  i n  f a c e  
performance;  t h e r e  were g r e a t  d i f f e r e n c e s  between s e t s .  
6 .  F o r e c a s t  i n ?  !?ode1 
D e s c r i n t  ior. of  t h e  P . : o c I c ? ~  
!Jc used t h e  s t a b i l i t y  o f  v a r i o u s  f a c t o r s  d i s cove red  i n  t h e  h i s t o r i c a l  
a n a l y s i s  t o  c o n s t r u c t  a f o r e c a s t i n g  model f o r  ou tpu t  and nanpower. A l l  
t h a t  is r equ i r ed  from f u t u r e  p l a n s  is:-. 
( a )  f a c e  s t a r t  and f i n i z h  d a t e s .  
( b )  f a c e  l e n g t h s  and  e x t r a c t e d  s e c t i o n s .  
( c )  market changes. 
The model is b u i l t  up i n  s t a g e s ,  and works on t h e  t h r e e  s e t s  o f  c o a l f a c e s  
mentioned i n  s e c t i o n  -5. C a l c u l a t i o n s  a r e  p e r f o r r e d  f o r  each f a c e ,  s o  as 
. . t o  p reven t  i n a c c ~ ~ r a c g  n r l s l n g  from i n t e r a c t i o n  between f a c e  l e n ~ t h  and 
e x t r a c t e d  sc.ction, ikie f o r e c a s t  f o r  each ir., .iividunl c o a l f a c e  is q u i t e  
w o r t h l e s s ,  j u t  t h e  3: -zrcqate  f o r e c a s t  f o r  t h e  grou;, o f  c o l l i e r i e s  is t h e  
b e s t  t h a t  can p o s s i b l y  be made with  c u r r e n t  knowledge. 
Aprendix B c i v e s  d e t a i l s  o f  t h e  c a l c u l a t i o n s  performed f o r  each o f  t h e  t h r e e  
s e t s  of  coalf::ces. 'The on ly  s e r i o u s  o u t s t a n d i n g  sou rce  o f  inaccuracy  is t h e  
r e l i a n c e  0x1 planned f a c e  star t  and f i n i s h  da t e s .  
The model was c o ~ p u t e r i s e d  f o r  s?eed of  c a l c u l a t i o n ,  and t o  t a k e  advantage  
o f  t h e  g e n e r a l  a i r  of  a u t h o r i t y  which computer p r i n t o u t s  have. 
Accuracy o T t h e  l.:griel 
The f i r s t  t ime we were a b l e  t o  compare a c t u a l  r e s u l t s  w i t h  o u r  f o r e c a s t s ,  f o r  
t h e  f i r s t  y e a r  of  a f i v e - y e a r  p l a n ,  ou r  f o r e c a s t  was 3% ou t  on o u t p u t ,  1:; ou t  
on f a c e  c isnshif ts .  The second y e a r ,  we had t o  contecd w i th  a p r o d u c t i v i t y  
i n c e n t i v e  scheme f o r  mineworkers and some s u r p r i s i n g  market changes ,  which 
l e f t  u s  a l i t t l e  f u r t h e r  a d r i f t .  Neve r the l e s s ,  ou r  f o r e c a s t s  were more 
a c c u r a t e  than  t hose  produced by t h e  t r a d i t i o n a l  me.thod , S O  
t h a t  o u r  f o r e c - s t s  f o r  up t o  f i v e  y e a r s  ahead were s t u d i e d  w i th  g r e a t  i n t e r e s t  
by t h e  g r o u p ' s  rranagers. 
6.3 Use o f  t h e  Fodel  
The most i:r.port:int u se  of  t h e  model t o  d a t e  is i n  i d e n t i f y i n g  a gap between 
t h e  o u t p u t  r e q u i r e d  o f  t h e  group acd what i t  seemed l i k e l y  t o  a ch i eve  o v e r  
t h e  next  f i v e  years .  Th i s  l c d  on t o  a n  i n v e s t i g a t i o n  o f  ways of f i l l i n g  t h a t  
gap - by i n c r e a s i n g  t h e  nurcber o f  f e c e s  i n  t h e  p l a n ,  o r  t h e  nach ine  s h i f t s  t o  
be  worked p e r  f a c e  day,  o r  t h e  l e n g t h s  o f  some o f  t h e  f a ce s .  Each of  t h e s e  
i n v e s t i g a t i o n s  r e q u i r e s  work o u t s i d e  t h e  model. For  exaople ,  i f  you wish t o  
c o n s i d e r  hav ing  more f a c e s ,  you must dec ide  where t hey  can be put .  l!le were 
a b l e  t o  d e s c r i b e  v a r i o u s  ways of  f i l l i n g  t h e  Gap, and recommend c e r t a i n  
c o u r s e s  o f  a c t i o n ,  some o f  which were adopted by t h e  g r o u p ' s  mana~ement.  
The model is now we l l  e s t a b l i s h e d ,  and x i 1 1  c o n t i n u e  t o  be used r e g u l a r l y  
even i f  no t i n e  is found t o  develog i t  f u r t h e r ,  It h a s  provided a b e t t e r  
g r a s p  o f  what is l i k e l y  t o  happen by a t t a c k i n g  t h e  i ~ t e r n d  u n c e r t a i n t y  of  
c o a l  mining i n  a cocxonsen- ~e  mar-ner. 
F u t u r e  Develocrsr ' s  
I n  t h e  f u t u r e ,  t h e  h i s t o r i c a l  a n a l y s i s  must be kep t  up t o  d a t e ,  and t h e  
f o r e c a s t  ink; model ~ u s t  be changed as t h e  r e s u l t s  o f  t h e  h i s t o r i c a l  a n a l y s i s  
d ic tz tc . .  It is r3asonablc  t o  hop2 t h a t  t h e r e  w i l l  be r e f i n e n e c t s  t o  t h e  
model, p a r t i c u l a r l y  as r e g a r d s  fact? start  axid f i n i s h  t i m e s  acd non-face 
underground rnanshif ts. 
Our f i n a l  aim must be t o  produce a f u l l y - f l e d g e d  b u s i c e s s  p l ann ing  model. 
T h i s  would r e q u i r e  a d d i t i o n s  t o  t h e  node1 o f  a p p a l l i n g  complex i ty ,  i n  t h e  
a r e a s  of oper-ati::g c o s t s  and c a p i t a l  i r ives tn~ent  schcmes. It nay be t h a t  we 
s h a l l  never  have sufficient t i x e  t o  u n i e r t a k e  t h i s  work, f o r  i t  mst now be 
obvious  t h a t  t he  s e r i o u s  a p p l i c a t i o n  o f  o p e r a t i o n a l  r e s e a r c h  t o  p l a n n i n g  
f o r  p r o d u c t i on  is a ve ry  s t r e n u o u s  b u s i n e s s  indeed. 
(a) 'l'hcre is no cet :era l  ::zlswer t o  t h e  pl.cblcm o f  how t o  p l a n  a 
m i n i n ~  Liu:;i~t.:,r; - tlre answer dcy:e!?.'s t o o  lnuch 01.1 t h e  ::eological 
circumstanc,-c?:., m i r i i n ~  ~ e t h o c l s ,  and manager ia l  phi losophy  o f  t h e  
mines i n  question. 
( b )  The c o r r e c t  answer for acy g i v e n  g roup  of mines is o n l y  t o  be 
found a f t e r  e r c r g e t i c  a. : ialysis over  a l o n g  per iod .  
( c )  Unless you h a v e  q u i t e  a l a r e e  croup o f  mines,  t h e  i n t e r n a l  
u n c e r t a i n t y  o f  mining w i l l  p r e v e n t  y o u r  f o r e c a s t s  b e i n g  s u f f i c i e n t l y  
a c c u r a t e  t o  c o ~ z a n d  a t t e n t i o n .  
( d )  I f  you have a s u f f i c i e n t l y  l a r g e  group o f  mines ,  s y s t e m s  a n a l y s i s  
can c o n t r i b u t e  a g r e a t  d e a l  t o  t h e  b u s i n e s s  p l a n n i n g  o f  t h e  mining 
i n d u s t r y  by t a c k l i n c  t h e  i n t e r n a l  u n c e r t a i n t y  o f  mining i n  a 
s e n s i b l e  manner. 
I. H. TUB!.*T8 
October ,  1979. 
Using :i computer program t o  ana lyse  a v a s t  body of d a t a  i n  every 
conceivri5le way, t h e  fo l lowing r e s u l t s  were comgiled. They apply 
only t o  the  group of 18 c o l l i e r i e s  i n  quest ion.  Another group would 
g ive  q u i t e  d i f f e r e n t  r e s u l t s .  Me a r e  not o p e r a t i n g  i n  s c i e n t i f i c  
theory ,  where we might demand t o  be convinced with 9% confidence of 
each r a s u l t .  It is necessary t o  form some conclus ion  even where t h e  
evidence is weak. 
(a) Propor t ion  of Planned Faces i n  Product ion 
I f  we p lan  t o  have n f a c e s  i n  product ion on any g iven  day 
i n  t h e  next f i v e  we should expect ,  on t h a t  day, t o  
work .92n f ace  days. 
( i )  Advance per  machine s h i f t  is independent of  f a c e  
length.  This  is not t o  say t h a t  a l l  f a c e s  could 
be made longe r  without p re jud ice  t o  t h e  r a t e  of 
advance, but  t h a t  where s u i t a b l e  p l a c e s  f o r  l ong  
f aces  a r e  found, they advance a s  quickly  as would 
s h o r t e r  f a c e s  i n  t h e  same p laces ,  
( i i )  Advance pe r  machine s h i f t  is heav i ly  dependent on 
ex t r ac t ed  s e c t i o n ,  and i n  f a c t  t h e  g roup ' s  advancing 
f aces  may be d iv ided  i n t o  two s e t s  ( t h i n  seam and 
th i ck  seam) wi th  remarkably d i f f e r e n t ,  and q u i t e  s t a b l e  
performance c h a r a c t e r i s t i c s .  See graph 1. 
( i i i )  For each of t h e s e  two s e t s  of advancing f aces ,  advance 
p e r  machine s h i f t  is s l i g h t l y  dependent on the number 
of  machine s h i f t s  worked p e r  f ace  day, and t h e  dependency 
can be f a i r l y  descr ibed  by a l i n e a r  express ion  der ived  
from a simple regress ion .  
( c )  Hctreat Faces 
( i )  The square metres  ( l e n g t h  x advance) e x t r a c t e d  from 
a machine s h i f t  on a r e t r e a t  f ace  of  l e n g t h  L a r e  
expected t o  be i n  accordance with a commonsense formula 
of  t h e  kixd 
a 
where a,  B a r e  cons tants .  L + B  
See graph 2. This r e s u l t  was der ived  from B r i t i s h  n a t i o n a l  
da t a ,  and r enu i red  some s l i g h t  adjustment f o r  t h e  group o f  
c o l l i e r i e s  i n  quest ion.  The group had i n s u f f i c i e n t  r e t r e a t  
f aces  t o  al low a conclusion t o  be drawn from its own data.  
( i i )  The snuare metres e x t r a c t e d  per  machine s h i f t  a r e  
independent o f  t h e  number of  machine s h i f t s  worked p e r  
day. There may be  a r e l a t i o n s h i p  with e x t r a c t e d  s e c t i o n ,  
but we hsve not  y e t  found one. 
Face !.fanshifts 
For cach of t he  t h r e e  s e t s  of  fnccs  (thin-seam advance, 
thick-sena advance, and r e t r e a t ) ,  t h e  manshif ts worked 
per  machirie s h i f t  have been s t a b l e  i n  r eccn t  S c a r s ,  fo l lowing  
a reduc t ion  u?on t h e  i n t r o d u c t i o n  of  s t a b l e - t ~ o l c  e l i rninnt  ion. 
n 
 here i n ,  of  cou r se ,  i n  each c a s e  a  dependency on machine 
s h i f t s  worked pe r  f a c e  day, which may be f a i r l y  desc r ibed  by 
a l i n e a r  r e l a t i o n s h i p  de r ived  from a simple r eg re s s ion .  
( e )  Other  Manshifts 
Sur face  mar sh i f t s  e x h i b i t  ~onurnenta l  s t a b i l i t y .  Kon-face 
underground manshi f t s  show a s t eady  r i s e  as d i s t a n c e s  from 
pit-bottom t o  f a c e  i n c r e a s e ,  and a s  more e f f o r t  is devoted 
t o  t h e  f i e l d  of  h e a l t h  and s a f e t y .  They a l s o  show g r e a t  s t a b i l i t y  
when t h e  number o f  f a c e s  i n  product ion  changes. 
( f )  Sa l eab l e  Cutnut 
( i )  The p ropor t i on  o f  c o a l  i n  t h e  average  worked s e c t i o n  
f o r  cach of  t h e  t h r e e  s e t s  o f  f a c e s  has  v a r i e d  over  
t h e  y e a r s  i n  an  o r d e r l y ,  and appa ren t ly  p r e d i c t a b l e ,  
fashion.  That is t o  cay ,  t he  seams a r e  g e t t i n g  d i r t i e r .  
( i i )  The s a l e a b l e  tonnage de r ived  from each  cubic  metre o f  
c o a l  e x t r a c t e d  hcs  been f i x e d  f o r  s e v e r a l  y e a r s  ( t h e r e  
7
have been no important  market changes).  
( i i i )  I n  a d d i t i o n  t o  t h e  c o a l  produced from longwal l  mechanised 
f a c e s ,  t h e r e  is a cons t an t  p ropor t i on  of  c o a l  produced 
from dr ivages .  
( g )  Mininr Techniaues and C e o l o ~ i c a l  C i r c u m s t a ~ c e s  
Changes i n  mining techniques  and g e o l o g i c a l  c i rcumstances  have 
been slow and o r d e r l y  i n  r e c e n t  years .  Shen conf ronted  by new 
mining techniques  o r  geolo~ical-circumstances i n  f u t u r e ,  we should  
eschew both panic  and euphoria.  The b e s t  approach is t o  con t inue  
.to assume t h a t  no change i n  f ace  -performance w i l l  occur  u n t i l  s t r o n g  
evidence i n  suppor t  of a change has  heen recorded. 
( h )  Mancower Z f f o r t  
A l l  of  t h e  changes i n  product ion  and p r o d u c t i v i t y  i n  r ecen t  y e a r s  
can  be explained wi thout  p o s t u l a t i n g  any change i n  t he  l e v e l  of 
e f f o r t  o f f e r e d  by mincworkers. 
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' J a l cu l*a t i cns  performed i n  t h e  f o r e c a e t i r q  m9del f o r  eqch  a l anned  f a c e ,  i n  each  y e a r  iln t o  5 y c a r s  ahead. 
. . 1 .  ric!:.:-.r~ini-; F s c c s  ( i 'here  are two s e t s  o f  advancin,; f a c e s  - t h i n  seam arid t h i c k  scam) 
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F n c t o r  
1 ( a )  !'acz h y s  
: ( b )  I.:i~r,i~irie S h i f t s  = 
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=- (.;i-c.i;:~ '.,'or!< in;: Ihy:; i n  t h e  \'c:r x 
i-'larrr!eil !-iontks i n  P r o c ! ~ c t i o n  /12, 
(Shor t f i> l . l   !:rr?m t1.ic.l alnr:) on  plari - from h i : ; t o r i c r ~ l  :~r;!jlyzI:;) .- 
1 I
(E'ron tt!e n i n n )  I 1 
I h i s t o r i c a l .  a n a l y s i s ;  d i f f e r e n t  f o r  t h o  two s e t s  o f  ndvonc i~ : !~  fnces- 1 
Face Enys x 
Xachine S h i f t s  p e r  Face  Day 
i ( c j  ;.iiv~:nce p e r  - 
! ; a a h i r , ~  S h i f t  
( d j  S,?lenble - j Output  
(Frcjm (a) ) 
( I n p u t  t o  t h e  motiel, b u t  normal ly  as i n d i c a l c d  ~y 1 
I 
- i ( a )  t : :~nr ,hif ts  p e r  - 
I t.laci:ine S h i f t  I 
I ( f )  > ' ;~ce  : . :anshif ts  = 
L i n e a r  Func t ion  o f  Hachine S h i f t s  p e r  Face  
Day. 
!?achirie S h i f t s  x 
Coal  S e c t i o n  Vorked x 
( L i n e a r  f u n c t i o n s  a r e  d e r i v e d  from h i s t o r i c 2 1  a : ~ a l y s i s ;  
t h e y  a r e  d i f f e r e n t  f o r  t h e  two s e t s  o f  ndva:.cir.:; f s c ~ s ) .  - 
(From ( b )  ) 
( T o t a l  uor.ked s e c t i o n  from t h e  p l a n ,  d i f f e r e n t  p r o ~ o r t i o n  
o f  c o a l  i n  t o t a l  s e c t i o n  f o r  each  s e t  o f  a d v ~ n c i n g  f a c e s  
from t h e  h i : j t o r i c a l  - ana lys i s . )  
F'nce i e n ~ r t h  x 
!:dvnnce p e r  1:schin~ S h i f t  x 
S a l e a b l e  ' i 'o~ries  p e r  Cubic I l e t r e  o f  Coal  
Zxt r:3cted from L o n p ~ ~ l l ,  blechanicd.  F a c e s  
L i n e a r  F u n c t i o n  o f  1,':achine S h i f t s  p e r  Face  
Day 
t,:nchine S h i f t s  x 
bianshi f t s  p e r  Machine S h i f t  
(From t h e  p l a n )  
(From ( c )  ) 
( I n p u t  t o  t h e  model, bu t  normal ly  as i n d i c e t e d  by 
t h e  h i s t o r i c a l  a n a l y s i s ) .  
( L i n e a r  f u r ~ c  t i o n s  a r e  d e r i v e d  from h i s t o r i c a l  a n n l y s i s ;  
they  a r e  d i f f e r e n t  f o r  t h e  two s e t s  o f  advancing  faci.r .)  
(From ( b )  1. 
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INTRODUCTION 
In the  mid-1970's a major new 
'prospect was proved i n  a previously 
unworked region of North East  Leicester- 
:shire, United Kingdom. Preliminary 
estimates from borehole inf  ozmation 
'showed over 500 mill ion t o m e s  of 
recoverable reserves. A special. Plan- 
'king Team w a a  s e t  up, t o  co-ordinate 
.the work f o r  the tvo l o c a l  Areas, South 
Nottingh~mshire and South Midlands (man- 
agement of production of the UK National 
Coal Board is organised i n  twelve such 
Areas). The team w a s  l ed  by one of the) 
authors as  Deputy.Director, Mining, 
North East Leicestershire Prospect 
.(HELP . 
The remit imposed by the  National 
Coal Board was t o  analyse t!!e aoss ible  
options of number, location and eventual. 
r a t e s  of output of sh a f t  o r  d r i f t  
access; t o  s e l ec t  a recommended a l t e r -  
native i n  the l i g h t  of geological ,  
mining, topographical and environmental 
considerations; and prepare submissions 
in  accordance w i t h  standard Board 
pract ice  on major projects  - such sub- 
missions including deta i led  engineering 
design, f inancia l  appraisa l ,  and f u l l  
r i s k  assessment. To a s s i s t  t!!e Planning 
Team, surface ana undergrou-nd consult- 
a n t  engineers were appointed t o  prepare 
f e a s i b i l i t y  s tud i ss  of spec i f i c  c i v i l  
and engineering problsms. 
In  l a t e  1976 a s m a l l  Operational 
Research team led by Lie second author 
was seconded t o  NELP. The Operational 
Research Executive (ORE) o f t h e  National 
Coal Board has a long h i s to ry  of involve- 
ment i n  co l l i e ry  planning. It is 
impossible t o  give f'ull documentation 
here, but references (1) t o  ( 5 )  give 
examples of techniques developed by ORE, 
widely.used throughout the  National Coal 
Board i n  the  planning of ex i s t ing  
co l l i e r i e s .  This c lose  involvement 
arose through 
( a )  s m a l l  teams al located t o  each k e a ,  
concerned w i t h  both overal l  *ea 
policy,  and planning and operation- 
al problems a r i s i ng  a t  individual 
c o l l i e r i e s  within t!e Area; 
( b )  research teams sponsored by Head- 
quar ters  Departments such as 
Mining Department, the research 
Seing intended fo r  ul t imate use 
throughout the industry.  
The C)R team became a l oca l  team 
attached t o  PEL?, but it was never for- 
gotten t ha t  a l l  work should eventually 
prove applicable t o  other new mines and 
major extensions required under the Lrt( 
Plan f o r  Coal and Plan 2000. This 
paper dascribes the OR methods developed 
and usad a t  NELP, i n  s i x  sections:  
- ileserves assessment 
- Undergrcund layout  assessnent  
- Manpower a v a i l a b i l i t y  
- Manpower requirements and 
product iv i ty  
- Surface c a p a c i t i e s  
- Financia l  assessment. 
We then go on t o  d i scuss  t h e  genera l  
a g p l i & i l i t y  of these  techniques,  and 
the.-reasons why they a r e  of a s s i s t ance  
in new capaci ty  planning, from t h e  
poin ts  of view of both mining engineer 
and OR s c i e n t i s t .  
RESERVES - ASSESSMENT 
In  t h e  e a r l y  s t ages  of planning a 
-.. *. . 
prospect  such as NELP it is necessary 
t o  produce, from the borehole d a t a ,  maps 
showing t h e  d i s t r i b u t i o n  i n  q u a l i t y  and 
quant i ty  of t h e  coa l  wi th in  the  take .  
The access  po in t s  and t h e  r a t e s  of 
ex t r ac t ion  t o  be considered w i l l  be 
influenced by these  assessments of 
reserves  d i s t r i b u t i o n .  Later ,  i n  t h e  
more d e t a i l e d  s t ages  of planning,  more 
accura te  es t imates  a r e  required s o  that 
projec t ions  can be made of output  
quant i ty  and q u a l i t y  over  t h e  l i f e t i m e  
of the prospect  f o r  any proposed layout  
and phasing of t he  underground workings. 
The complete behaviour of t he  t a r g e t  
seams is  b e s t  described by t h e  iso- 
pachyte maps prepared by the  geo log i s t ,  
and it is an e s s e n t i a l  t a s k  t o  update 
these  cont inual ly  a s  new information 
comes t o  l i g h t .  However the  length of 
time required t o  produce isopachyte maps 
causes problems when complications of 
seam s t r u c t u r e  make it necessary t o  
consider  a range of d i f f e r e n t  mining 
assumptions. A t  t h e  s t age  of d e t a i l e d  
mine planning, the  maps a re  i n  any case  
not always the  most convenient f o m  i n  
which t o  present  t h e  information. This 
r e s u l t s  i n  l a rge  amounts of t he  geolo- 
g i s t ' s  time being taken up i n  the  r c u t i n e  
ca l cu la t ions  required t o  t r a n s l a t e  the  
information from the  isopachyte map i n t o  
es t imates  of output q u a l i t y  and quant i ty .  
To cvercome the above problems, a 
computer system Geopian was developed 
t o  f a c i l i t a t e  the prepara t ion  of summary 
analyses which g ive  an immediate 
impression of s i z e ,  d i s t r i b u t i o n  and 
q u a l i t y  of r e se rves ,  and t o  a s s i s t  i n  
the  d e t a i l e d  c a l c u l a t i o n  of  year-by- 
year  output  est imates .  The bas i c  pr in-  
c i p l e  of Geoplan is t h a t  of i n t e rpo la t -  
ing  borehole information t o  a square 
g r i d  superimposed over t h e  s i t e  
( t y p i c a l l y  t h e  g r i d  size used is 1 !a). 
This p r i n c i p l e  is of course not  new, 
and t h e  method of i q t e r p o l a t i o n ,  averag- 
ing weighted by 1 / D  , has a l s o  been 
used extensively.  What was new i n  
Geoplan was t h a t  t h e  system was 
designed so  that it could be used 
before  t h e  geo log i s t s  had performed Lie 
d e t a i l e d  and time-consuming c o r r e l a t i c n  
of indiv idual  pa r t ings  in borehole logs .  
(The second innovation was t h e  immediate 
development of underground layout  ass- 
essment described below.) 
From t h e  barehole logs  t h e  system 
f i r s t  es t imates  t h e  ash and d i r t  
content  at each borehole i n  each seam 
f o r  a spec i f i ed  range of working 
s e c t i o n s  (at NELP this w a s  frcm 1 t o  3 
metres i n  25 cm s t e p s ) .  The sec t ions  
a r e  normally posi t ioned leaving  a 
spec i f i ed  roof c o a l ,  bu t  an option 
e x i s t s  t o  p o s i t i o n  t h e  s e c t i o n  so  a s  t o  
ninimise ash. Any s e c t i o n  which 
f i n i s h e s  i n  d i r t  ( e i the r '  f l o o r  c r  d i r t  
band) is reduced. The borehole infor -  
mation is now in t e rpo la t ed  t o  g r i d  
squares by weighting the  readings from 
t h e  t h r e e  nea res t  boreholes.  The geo- 
l o g i s t  now zsses ses  the  grid-square 
maps of  the seams, and has t h e  option 
t o  input  dummy boreholes t o  improve the 
es t imates  i n  regions of seam s p l i t t i n g  
o r  t h i y i n g .  There a r e  good reasons 
why 1 / D  averaging is an i n s u f f i c i e n t  
model i n  such regions;  i n  p a r t i c u l a r  
seam s p l i t s  tend t o  increase  exponent- 
i a l l y  i n  the  d i r e c t i o n  of t he  s p l i t .  
Much d e t a i l e d  inlormaticn can be 
obtained once the  grid-square est imates  
a r e  ava i l ab le .  For each seam and f o r  
each poss ib le  s e c t i o n ,  one map of 
corresponding ash and one of correspond- 
ing d i r t  a r e  ava i lab le .  Also produced 
a r e  maps of t he  corresponding r e se rves ,  
assuming the  given sec t ion  and a relax-  
ation factor  f o r  incomplete extraction 
in the square. The same information 
can be usefully portrayed in an a l t e r -  
native way: the maximum available 
working section (and associated ash, 
d i r t  e tc . )  t ha t  can be worked f o r  a 
range of ash limits ( fo r  example 10% t o  
30% in  s teps  of 5%). A l l  t h i s  inform- 
a t i o n  can be available quickly a f t e r  the 
borehole logs are received. Thus, very 
early i n  the  planning process, the geo- 
l o g h t  and nine planners can obtain a 
close understanding of how section,  ash 
and 'reserves w i l l  -vary across the take, 
and use t h i s  information i n  analysing 
a l ternat ives  i n  access location and 
ra tes  of extraction. A t  the same time, 
it is easy t o  prepare summary analyses 
which give an immediate impression of 
section or  reserves dis t r ibut ion.  
Figure 1 shows one possible example. 
UNDERG2OUND LAYOUT ASSESSNENT 
The second half  of Geoplan allows 
mine planners t o  assess the performance 
of any proposed underground layout. A 
method has been devised so t h a t  the face 
by face plan of working can be super- 
imposed on the g r id  square data  base. 
For an exis t ing mine t h i s  would be an 
extremely tedious process, because the 
geometry of the present day posit ion and 
the  his tory  of previous workings mean 
t h a t  future faces can only be described 
individually. However, fo r  a new mine, 
especially i n  the ea r ly  stages of the 
planning process, fewer such r e s t r i c t i ons  
w i l l  apply, and often the description of 
future  workings w i l l  be i n  terns  of 
large blocks and sequences of faces of 
similar geometry. In such circumstances 
the working of large  areas of coal ,  
t ak ing  up s i g n i l i c a n t  t ime periods of 
t h e  proposed c o l l i e r y  workings, can be 
uniquely spec i f i ed  us ing  very few d a t a  
items. 
Given t h e  machine-shifting p a t t e r n  
and assumptions on advance p e r  machine- 
s h i f t ,  t h e  computer program c a l c u l a t e s  
how ..the f aces  and sequences advance, 
y e a .  by yea r ,  through t h e  g r i d  squares.  
In t h i s  way annual es t ima te s  of output  
ash and d i r t  from each f a c e  can be 
produced. These a r e  summed, t oge the r  
with -ca lcu la t ions  of s epa ra t e  d i r t  
production, t o  g ive  es t imates  of 
c o l l i e r y  nm of mine and 
q u a l i t y  yea r  by year .  I f  t h e  run of 
mine f o r e c a s t s  a r e  no t  s a t i s f a c t o r y  ( f o r  
example, t h e r e  may be a few consecut ive 
yea r s  with c o n s i s t e n t l y  high a s h ) ,  t h e  
mine planner  can input  an adjustment t o  
t he  l ayou t ,  o r  t he  machine-shifting 
p a t t e r n ,  so  as b e t t e r  t o  balance produc- 
t i o n  from ' b e t t e r 1  and 'worse1 a reas  of 
t he  take.  
F i n a l l y ,  t h e  run of mine f o r e c a s t s  
can be converted t o  f o r e c a s t s  of sa le -  
ab l e  product ion,  using a model of coa l  
prepara t ion  operat ions.  The usua l  use 
of t h i s  f a c i l i t y  is t o  de f ine  Lhe 
t a r g e t  c a l o r i f i c  value of t h e  product ,  
and t o  determine, given t h e  f o r e c a s t s  of 
run of n ine  quan t i t y  and q u a l i t y ,  t h e  
requirement i n  terms of coa l  prepara t ion  
capac i ty  and opera t ing  po l i cy ,  and the  
consequent r a t i o  of s a l e a b l e  t o  run of 
mine (vend) .  Such es t imates  a r e  
e s s e n t i a l  from t h e  e a r l i e s t  s t a g e s  of 
prospect  planning, as t h e  i n i t i a l  
opt ions of s i z e  of mine and t h e i r  
c a p i t a l  c o s t  a r e  being i d e n t i f i e d  and 
evaluated. 
The two ha lves  of Geoplan could e x i s t  
independently and prospec ts  have been 
i d e n t i f i e d  where t h e  primary b e n e f i t  
u i s e s  from the  use of one o r  t he  o the r  
without l ink ing .  However t he  f u l l  
p o t e n t i a l  of t he  computer system is only 
r e a l i s e d  when both r e se rves  and under- 
ground layout  assessment a r e  considered 
i n  tandem; only i n  t h i s  manner can we 
adequately r e f l e c t  the  f a c t  t h a t  r e se rves  
i n  a s p e c i f i c  a r e a ,  and the  consequent 
annual r a t e s  of production from t h a t  
a r ea ,  can only be f u l l y  evaluated i n  the 
context  of  t h e  proposed method of work- 
ing  and its phasing. 
MANPOWER AVAILABILITY 
The bu i ld  up of a recru i tment  and 
t r a i n i n g  programme r e q u i r e s  z consider- 
a b l e  amount of c a l c u l a t i o n  t o  e s t a b l i s h  
the  l e v e l s  of recru i tment  of  d i f f e r e n t  
ca t egor i e s  of worker which would provide 
t h e  requi red  l e v e l s  of manpower. These 
ca t egor i e s  inc lude  those  with previous 
mining experience,  long-d is tance  trans-. 
f e r e e s  and t r a n s f e r s  from any l o c a l  
c o l l i e r i e s ,  and +dose who a r e  new t o  
t h e  indus t ry ,  j uven i l e s  anci new a d u l t s  
from w e  catchment a r ea  around t h e  
prospect .  Recruitment problems a r e  
exacerbated i n  new mines i n  new a reas  
f o r  a number of reasons: wastage r a t e s ,  
p a r t i c u l a r l y  of new a d u l t s ,  w i l l  tend 
t o  be h igh ,  and lead  t o  a high r a t i o  of 
t o t a l  recrui tment  in t h e  build-up yea r s  
t o  t h e  s t a b l e  men on books l e v e l ;  t h e  
rap id  bu i ld  up t o  f u l l  product ion 
necessary t o  ensure a quick r e t u r n  on 
c a p i t a l  may r e s u l t  in annual Jumps i n  
requirements t h a t  exceed t h e  sum of 
a v a i l a b i l i t y  of  all c a t e g o r i e s ,  un le s s  
t he re  is  c a r e f u l  planning of t r a n s f e r s  
from l o c a l  c o l l i e r i e s ;  equal ly  t h i s  
rap id  build-up may r e s u l t  i n  t o o  high. 
a proport ion of labour  undergoing 
t r a i n i n g ,  when i n  f a c t  it is  prec i se ly  
i n  t hese  yea r s  when a high proport ion 
of key s k i l l e d  f ace  and development 
teams a r e  requi red ;  f i n a l l y ,  t h e  
recrui tment  must be c a r e f u l l y  assessed 
i n  t he  l i g h t  of t he  provis ion  of new 
housing a l ready  o r  p o t e n t i a l l y  contained 
i n  Local Authority S t r u c t u r e  Program~~es .  
The use  of a computer model, Bildup , 
has g r e a t l y  eased &he t a s k  of anzlysing 
manpower a v a i l a b i l i t y  problems at  new 
mines. The model uses  es t imates  of 
a v a i l a b i l i t y  and wastage r a t e s  f o r  each 
category of worker i n  order  t o  match 
recrui tment  with requirement year  by 
year .  Provis ion f o r  a propor t ion  of 
those wasting t o  re-enter  is included. 
Usually those a v a i l a b i l i t i e s  governed 
by N C 9  pol icy  ( l o c a l  t r a n s f e r s ,  long 
d i s t ance  t r a n s f e r s ,  and juven i l e s )  a r e  
est imated independently,  and then the  
model is run t o  de r ive  t h e  year-by-year, 
requirement of new a d u l t s .  This can be 
then compared with Department of Employ- 
ment assessments of recruitment poten- 
tial fo r  new adults given the specific- 
a t ion  of the catchment area  and l ike ly  
wage r e l a t i v i t i e s .  The build up of new 
adul ts  on b o o b  can a l so  be aseessed i n  
the l i g h t  of the  specia l  requirements 
f o r  key sk i l l ed  labour described above. 
If ,-for-  e i t he r  reason, the  new adult  
p ro f i l e  is untenable, the recruitment 
program must be reassessed and changes 
in-policy established. 
r i g w e - 2  shows the r e s u l t s  of such 
an exercise. The bold histogram shows 
the new adult  requirements calculated 
from an i n i t i a l  run, while the  dotted 
histogram showa the r e su l t s  a f t e r  
several exercises changing policy and 
therefore asumptions. These policy 
changes include: 
(a) changing the phasing of t rans fe rs  
from local c o l l i e r i e s ;  
(b)  changing the  a l locat ion of 
t ransfers  (both local  and long 
distance) between the individual 
p i t s  making up the prospect; 
( c  ) introducing specif ic  act ions  so 
as t o  increase the t ransfe r  and 
retention r a t e s  t h a t  can be 
assumed. 
f Initial -total 3494 
FIGURE 2 : NEW ADULT REQUIREMENT 
It w i l l  be seen tha t  the dotted histo- 
gram requires f a r  fewer new adul ts  i n  
the maximum years,  while a t  the  same 
time representing a much s teadier  
recruitment programme. 
MANPOWER REQUIREMENTS AND PRODUCTIVITY 
The relationship between required 
output and manpower requirements is 
important in all stages of the planning 
o f ' a  new mine o r  major prospect. I f .  . .  
recruitment is a t  a l l  l ike ly  t o  be a 
problem, the  requirements may be as 
s ign i f ican t  i n  determining eventual 
r a t e s  of output as coal reserves 
d i s t r ibu t ion  or  environmental fac tors ,  
and estimates a r e  needed as' soon a s  
planning commences. A s  planning 
progresses, there  w i l l  be continuous 
changes in the geological, mining and 
manning assumptions and information, 
and it is essen t ia l  .that the relat ion- 
ship between output and manpower is 
correspondingly updated. 
Conventionally there  a re  two methods 
of determining t h i s  relat ionship.  In 
the ear ly  stages of planning, require- 
ments a r e  f i r s t  calculated by combining 
a preliminary estimate of ouq;ut per 
manshift (OMS) with the preliminary 
output estimate. A s  geological in ter-  
preta t ion progresses, and t!!e f i r s t  
underground layouts are  prepared, man- 
power requirements a re  then re-estimated 
by detailed Job Analyses, which seek t o  
locate  on the layout the place of 
employment of every required s h i f t .  
The drawback with OMS is t ha t  the 
i n i t i a l  estimate may not be re l iab le .  
There a re  no reasons why productivity 
i n  the prospect i n  question should be 
similar t o  tha t  of other new mines, or 
close t o  t h a t  of nearby ex is t ing  p i t s .  
Conditions nay be completely d i f fe ren t .  
Further, a s  geology, mining and manning 
a s su~~p t ions  change, it is not a s t ra igh t -  
forward matter t o  estimate how these 
changes a f f ec t  the OMS estimate. Job 
analyses, on the other hand, require 
too much time and e f fo r t ,  such factors 
mil i ta t ing against analysis of a l t e r -  
natives or reassessments i n  the l i gh t  
of changed information. In addit ion,  
i f  inangower ava i lab i l i ty  studies imply 
an upper l i n i t  o r  nanpower c o n s t r a i n t ,  
t he re  is no simple way t o  reverse  the  
ca l cu la t ions  t o  discover  the  corres-  
ponding c o n s t r a i n t s  on output.  
In the  case of new mine research ,  we 
have developed a computerised method of 
l i n k b g  output  and manpower requirements 
-uhich overcomes these  d i f f i c u l t i e s .  . I t  
draws on the  s t r eng ths  of Job Analyses, 
by assuming that t he re  is no simple 
r e l a t ionsh ip  between. ou tpu t  and manpower 
while making s impl i fy ing  assumptions so  
that arialysis is not  layout  dependent. 
The e s s e n t i a l s  of the  methods a r e  a s  
follows: 
(a )  Saleable tons/machine s h i f t  is 
derived from planned face  geometry, 
'geological  information, and 
assumptions on f ace  advance r a t e s .  
This is repeated f o r  both advance 
and r e t r e a t  faces .  
( b )  Given t h e  output  requirement and 
the  proposed proport ion of r e t r e a t  
working, t he  requi red  number o f ,  
production machine-shifts can now 
be derived. This can be converted 
t o  a f a c e  requirement,  tak ing  i n t o  
account the  provisioning of  spare  
capaci ty  i n  the  form of f aces  and/ 
o r  s h i f t s .  
( c )  The assoc ia ted  development require- 
ment is derived from face  geometry 
and assumptions on development and 
face  advance r a t e s .  
(d l  Face a d  elsewhere below 
(EBG)  s h i f t s  a r e  spec i f i ed  per  
production machine s h i f t ,  per  face  
and per  development nachine s h i f t .  
Given the  ca l cu la t ions  from the 
s t e p s  above, face  and EBG s h i f t s  
can be derived.  Constant ERG 
s h i f t s  independent of production 
and development a r e  added. Surface 
s h i f t s  a r e  usual ly  taken a s  a 
constant  requirement,  although a 
proportion varying with outpuc 
can be included. 
( e )  S h i f t s  a r e  conver-ad t o  xen-on- 
books requirements using the 
r e spec t ive  r a t e s  o l  non-deployment 
and overtime. 
Since a l l  t he  r e l a t i o n s h i p s  a r e  
l i n e a r ,  it is  poss ib l e  t o  work t h e  whole 
model in reverse.  Thus, i f  t h e  =la lys is  
from using t h e  Bildup program implies  a 
limit on t o t a l  a v a i l a b i l i t y ,  t he  con- 
sequent machine s h i f t s  t h a t  it is 
poss ib l e  t o  work, and t h e  consequent 
s a l eab le  tonnage, can'be derived.  
. . - - . . . . - . - 
Figure 3 shows one example of the  
extremely powerful s e n s i t i v i t y  ana lys i s  
t h a t  can be performed -using t h i s  
computer model. Lices of cons tant  man- 
power requi renent  f o r  a given t a r g e t  
output  w e  p lo t t ed  a s  development per- 
formance and f ace  performance ( s t r i p s /  
s h i f t )  vary from 100% of t h e i r  c e n t r a l  
est imate.  Thus t h e  robustness  of t h e  
manpower plan with r e spec t  t o  two key 
parameters is concisely and convenient- 
l y  depicted.  ( A  d i f f e r e n t .  family of 
curves would be produced i f  o ther  
assumptions - e .g .  r e t r e a t  percentage, 
o r  l e v e l s  of absence and overtime - 
were allowed t o  vary . )  An inaloqous 
family of c y e s  of constant  s a l eab le  - 
output  can be derived if t he re  is a 
perceived manpower l i m i t .  
a0 so 100 110 120 
Face performance (rtnpr /*if t 1 meantred 
as *I. ot base case 
FIGURE 3 : MANPOWER REOUIREMENTS 
( MOB) FOR 2 MILLION TONNES PA. AT 
DIFFERENT LEVELS OF PERFORMANCE. 
SURFACE CATACITIES 
A t  a l l  s tages  i n  the  flow of coa l  
from face  t o  railway wagon the re  a r e  
decis ions i n  balancing insurance 
aga ins t  s i z e  and c a p i t a l  c o s t  of the  
equipment involved. These decisions 
are not  of the  same order as the  
questions of s i z e  of mine being consid- 
ered in e a r l i e r - s e c t i o n s ;  r a t h e r ,  they 
a r e  concerned w i t h  determining 
capac i t i e s  in the  l i g h t  of  s h o r t  run 
v a r i a b i l i t y  in coa l  flows once the  basic 
o r  average l e v e l  of  operat ions has been 
established.  -However, t h e . c a p i t a l  coa t s  
involved a r e  s o  huge t h a t  s i g n i f i c a n t  
savings can stil l  be achieved with 
proper design,. f o r  any given overa l l  
plan. Computer simulations t o  determine 
s f z e s  of'underground b e l t s  and bunkers 
have long been in use within t h e  NCB 
and have a l s o  been used t o  determine 
bunker capac i t i e s  on t h e  surface.  How- 
ever,  the  sca le  of  t h e  problems of 
surface design in new mine planning 
required the  development of  new simul- 
a t ion  programs that would consider the  
overa l l  system from s h a f t  t o  wagon. 
Many individual  problems can a r i s e  
within overa l l  system considerat ions.  
For example, the re  is t h e  quest ion of 
the  homogenisation of run of mine coal  
of high ash v a r i a b i l i t y ,  before feed 
i n t o  the coal  preparat ion p lant .  Two 
completely d i f f e r e n t  systems a r e  poss- 
ib le :  surge/hmogenising bunkers where 
the  bunker is divided i n t o  a number of 
c e l l s  f i l l e d  i n  r o t a t i o n ,  while feed t o  
the  coal  preparat ion p lan t  is drawn 
simultaneously from each c e l l ;  and 
t r a v e l l i n g  s tacker /barre l  reclaim 
systems where coal  is layered down i n  
long hor izonta l  p i l e s  and reclaimed i n  
cross-section by a b a r r e l  t r a v e l l i n g  on 
rails. A second problem is t he  prov- 
is ioning of adequate maintenance of 
each of the  streems of the  coal  prepar- 
a t ion  p lant .  Depending upon the  assump- 
t ions  made on maintenance requirements 
and working outside of normal washing 
hours, the re  a r i s e s  the  p o s s i b i l i t y  of 
a maintenance stream system, i n  which 
there  is a permanent e x t r a  stream so  
t h a t  one stream is  always undergoing 
maintenance. This stream would not be 
avai lable  i n  the  case of breakdourn of 
one of the  working streams. A t h i r d  
problem is the  required number, s i z e  
and contro l  r u l e s  of rapid loading 
bunkers, i n  s i t u a t i o n s  where a f a r  
g rea te r  number of d a i l y  t r a i n s  a r e  
being loaded than is normal i n  current  
systems. 
Some of thsse  problems can be consid- 
ered individually using de ta i l ed  simul- 
a t i o n  models analysing f o r  example, a 
day's  operat ion i n  f i f teenminute  in te r -  
vals.  More usual ly ,  however, it has 
been found that t he  robustness of t h e  
performance of a p a r t i c u l a r  configur- 
a t i o n  can only be f u l l y  evaluated by 
complete simulations of the  o v e r a l l  
sur face  system over severa l  days. It 
is impossible, f o r  example, t o  separa te  
the  quest ion of t h e  po ten t i a l  and 
capacity of a l a y e r  blending system 
from the  question of the  number and 
s i z e  of coal  preparat ion p lan t  streams. 
In  such new mine ana lys i s ,  the  normal 
problems of d a t a  co l l ec t ion  a r e  intens- 
i f i e d .  It is  extremely d i f f i c u l t  t o  
e s t a b l i s h  agreed means and d i s t r i b u t i o n s  
of breakdown r a t e s  f o r  machinery o r  
systems that f o r  reasons of s i z e  o r  
technology a r e  not  i n  common cur ren t  
use. S imi lar ly ,  an imprecise d e f i n i t i o n  
of required performance precludes 
optimisation. The in te r rup t ion  of wind- 
ing because of an impediment in the  
surface  flows is an emergency t o  be 
avoided a t  almost any c o s t ,  but  within 
the  l i m i t  of definable eme2gencies t o  
be avoided the re  is a continuous range 
of s i t u a t i o n s  t h a t  w i l l  occur once i n  
s o  many days. Essen t i a l ly ,  the  pay-off 
between c a p i t a l  c o s t  and performance can 
only be a matter  of management judgement; 
the  function of the  simulation is t o  
describe t h e  performance of each of the  
conjectured configurat ions under L5e 
poss ib le  cont ro l  r u l e s ,  breakdown r a t e s ,  
t r a i n  a r r i v a l  pa t t e rns  e t c .  - such 
analys is  being impossible i n  the  time 
ava i l ab le  without the  use of simulation. 
Figure 4 i l l u s t r a t e s  such an exerc ise ,  
analysing the  e f f o c t s  of varying capacity 
of coal  preparat ion streams. The indi-  
ca to r  of 3erformance i n  t h i s  p a r t i c u l a r  
problem has been caken t o  be the  number 
of days per  hundred days t h a t  coal  can 
be expected t o  be l a i d  down outs ide  the  
two main p i l e s  of a t r a v e l l i n g  stacker/  
b a r r e l  reclaim system. Such an occur- 
rence would not necessar i ly  represent  
an energency, i n  t h a t  the  design can 
include f a c i l i t i e s  f o r  t ransverse  
r a i l i n g s  such t h a t  t h e  b a r r e l  can re- 
claim from ou t s ide  t h e  normal a r ea ;  
never the less ,  it i n d i c a t e s  t h a t  t h e  
o v e r a l l  system is out  of balance. 
I f .  swtetn out oi cw\trol 
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FIGURE 4 : 
REQUIRED COAL PREF#RATION CAPACIn. 
FINANCIAL ASSESSMENT 
One of t he  most important methods of 
obtaining an o v e r a l l  assessment of a  
major prospect  is discounted cash flow 
ana lys is .  Such ana lys i s  can be equal ly  
u se fu l  both i n  i s o l a t i n g  the  s e n s i t i v e  
a r eas  of an ind iv iduz l  p lan ,  o r  i n  
comparing t h e  o v e r a l l  s t r e n g t h s  and 
weaknesses of a l t e r n a t i v e s .  Unfortun- 
a t e l y ,  t h e  c a l c u l a t i o n s  cannot be per- 
formed u n t i l  a l l  t h e  r e l e v a n t  inform- 
a t i o n  on t h e  p r o j e c t  has  been assembled, 
and o f t e n  t h i s  can only be  a t  t h e  very 
end of t h e  planning period spec i f i ed .  
Thus a t  a  very important s t a g e  of 
p ro j ec t  app ra i sa l  management may be 
s h o r t  of s u f f i c i e n t  time t o  analyse t h e  
s e n s i t i v e  a reas  of t h e  p r o j e c t  a s  
thoroughly as they might wish. 
To a l l e v i a t e  t hese  problems, we have 
developed a  f i n a n c i a l  modelling system 
adapted t o  t he  s p e c i a l  cons idera t ions  of 
new mines. Use of f i n a n c i a l  models is 
widespread throughout indus t ry  and a 
desc r ip t ion  of t he  new mine vers ion  
would not  be worthwhile here .  However 
a  number of aspec ts  of more d e t a i l e d  c s e  
of t he  system, over and above the  normal 
requirements of p r o j e c t  a p p r a i s a l ,  a r e  
worthy of note .  
One p a r t  of t h e  system' d e a l s  with 
D C F  breakeven ana lys is .  The planner  
can a s c e r t a i n  the '  p ropor t iona l  increase  
( o r  decrease)  that must be incur red  by 
i n p o r t a n t  parameters such as proceeds, 
c a p i t a l  o r  produc,:ivity, i n  order  t h a t  
t h e  p r o j e c t  shows a  p r e d e f i n e d  yard- 
s t i c k  of p r o f i t a b i l i t y  (expressed as a 
p a r t i c u l a r  value of t he  y i e l d ) .  To 
f a c i l i t a t e  such a n a l y s i s ,  t h e  manpower 
requirements model descr ibed e a r l i e r  
has been b u i l t  i n t o  t h e  f i n a n c i a l  
assessment system, and a t y p i c a l  problem 
that can be analysed is: How would an 
i nc rease  i n  mined sec t ion  ( a t  t h e  
expense of overal,  vend) a f f e c t  t h e  
p roduc t iv i ty ,  and through t h a t  t h e  
machine s h i f t i n g  requirements,  inan- 
power requirements ,  and o v e r a l l  p r o f i t -  
a b i l i t y ?  
Secondly, we have promoted increas ing  
use of t h e  system e a r l i e r  i n  t h e  plan- 
ning process ,  so  t h a t  now t h e  system is 
o f t e n  used f o r  t h e  prel iminary a n a l y s i s  
of op t ions  a t  a  new prospect.  A t  such 
a t ime, t h e  information input  is neces- 
sarily unce r t a in  and rouzh, but  rankings 
of t k e  d i f f e r e n t  opt ions car. be cons t r -  
ucted.  We would n o t  claim t h a t  such an 
approach is always use fu l ;  f o r  example, 
choice between a  s h a f t  arid a  d r l f t  i n  a  
s p e c i f i c  ins tance  u l t ima te ly  depends on 
~ o s t  a lone ,  b u t  t h e  i s s u e s  a r e  o f t e n  
b e s t  expressed i n  non-fifiancial terms. 
However, t he  cons t ruc t ion  of such rank- 
i ngs  can be of g r e a t  a s s i s t a n c e  i n  
determining t h e  r e l a t i v e  s i z e s  of t h e  
d i f f e r e n t  poss ib l e  access  p o i n t s  i n  
ca ses  where the  prospect  is l i k e l y  t o  
be worked from more than one. 
Thi rd ly ,  involvement i n  t h e  generz l  
f i e l d  of f i n a n c i a l  s e n s i t i v i t y  and 
robustness  t e s t i n g  had l e d  t o  t en rz t i - r e  
app l i ca t ion  o l  c l a s s i c a l  r i s k  ana lys i s  
techniques.  This has  a r i s e n  through 
the  at tempt  t o  improve t h e  s tandard 
method of p r o j e c t  submission, which Ls 
t o  prepare a  'base c a s e '  o r  ' c e n t r a l  
e s t i m a t e ' ,  and then t o  apply s e n s i t t v i t y  
r e s t s  by varying appropr ia te  key 3ara- 
meters by given percentages.  Such an 
approach g ives  no i r d i c a t i o n  of t he  
r e l a t i v e  p robab i l i t i e s  of the  d i f fe ren t  
outcames; more fundamentally information 
is l o s t  i n  t h a t  the  'base case1 may 
w e l l  represent  the  most l i k e l y  outcome 
but may be s ign i f i can t ly  d i f f e r e n t  from 
t h e  expected outcome. A t  t h e  least, 
f u l l  r i s k  analys is  g ives  management a 
thorough summary of t h e  confidence t h a t  
can be attached t o  p a r t i c u l a r  outcomes 
f o r  a given projec t ;  the fill poten t i a l  
l ies when the d i f f e r e n t  options a r e  
being. compared.. Depending on manage- 
ment's a t t i t u d e  t o  r i s k ,  it is poss ib le  
t h a t  t h e  consequent decisions taken may 
be completely d i f f e r e n t  from those t h a t  
vould have been taken conventionally. 
THE VALUE OF OR IN NEW MINE PLANNING 
The use o f  OR methods and computer 
models, such as those described in 
previous sect ions ,  is often promoted 
under the  general benef i t s  of allowing 
more analys is  of a l t e r n a t i v e s  within 
any given time. This is an over- 
s impl i f ica t ion,  and it is useful  t o  
attempt a more r igorous analysis .  I n  
p a r t i c u l a r ,  such analys is  can give 
indicat ions  of where f u r t h e r  research 
is needed. 
Great ca re  was taken i n  the  descrip- 
t i o n  of the  d i f f e r e n t  appl ica t ions  t o  
s e t  them i n  the context of the  d i f f i c u l -  
t i e s  encountered by mining engineers 
i n  solving the  complex optimisation 
problem of planning a new mine. The 
most obvious d i f f i c u l t y  is the  uncer- 
t a i n t y ,  both i n  knowledge of the  f ixed 
vorld of the  geological s t r u c t u r e  of 
the  prospect,  and i n  est imating the  
fu ture  technologies, p roduc t iv i t i e s  and 
cos ts .  Secondly, the re  is the  general  
question of quantifying, and identify-  
ing the influence o f ,  the  cons t ra in t s  
inherent i n  the system being analysed. 
Superimposed on these a re  questions of 
information flow. A t  the simplest  
l e v e l ,  it is extremely d i f f i c u l t  t o  
ensure t h a t  the consequences of changes 
i n  est imates a r e  followed t.hrough 
thoroughly, and the complexity of the  
task  discourages the  undertaking of 
adequate s e n s i t i v i t y  analysis .  Inform- 
a t ion  may be incompatible - it is 
extremely d i f f i c u l t  i n  questions of 
location of access s i t e s  t o  combine 
underground mining c r i t e r i a  with those 
a r i s i n g  from considerat ions of surface 
topography and environment. Last ly 
there  a r e  the  genuine d i f f i c u l t i e s  of 
communication of information between 
d i f fe ren t  specialisms i n  a form useful  
t o  both sides.  
The consequences of these  d i f f i c u l -  
t i e s  a r e  well known. Spec i f i c i ty  leads 
t o  commitment, and a favoured, f ixed 
option tends t o  emerge too ear ly .  By 
ca re fu l  d iv is ion of the  overa l l  problem 
i n t o  sub-problems-, these d i f f i c u l t i e s  
can be overcome. The key l i e s  i n  the  
precise  i d e n t i f i c a t i o n  of  the  infonn- 
a t i o n  flows between sub-problems. The 
ef fec t  of cons t ra in t s  can now be 
analysed, i n  that t h e  consequent direc- 
t i o n  of flow of information between sub- 
problems can be determined. This allows 
a network t o  be s e t  up which broadly 
spec i f i e s  the order in which e f f o r t  
should be a l located  t o  the  'different  
sub-problems. In t h i s  way decisions 
a r e  made, as far as poss ib le ,  on the 
b e s t  information given the  time 
available.  
The above systems analys is  is useful  
in i t s e l f ,  but  when it is comblned.with 
spec i f i c  OR methods the contr2.butions 
t h a t  can be made t o  mine planning a re  
enormous. It  w i l l  be seen t h a t  the 
appl ica t ions  described i n  t h i s  paper 
a re  of four types: 
( a )  Thosewhich allow individual  sub- 
problems t o  be analysed more 
quickly and completely. This 
is e s s e n t i a l l y  the  'more a l t e r -  
na t ives '  argument, and an exm.ple 
i s  the  manpower a v a i l a b i l i t y  
computer system, Bildup. 
(b) Those where the OR method involves 
much more deta i led  analys is  of a 
sub-problem thzn is goss ib le  
otherwise. In  t h i s  category f a l l s  
the  computer simulations of 
surface coal flows; the analysis  
would simply not be possible 
without the  use of the  simulation 
technique. 
( c )  Those which a id  the analys is  of 
the in te rac t ion  between d i f f e r e n t  
sub-problems by c o r r e c t l y  ident-  
i f y i n g  t h e  requi red  information 
flows. I n  t h i s  category l i e s  
Geoplan; one of t h e  main reasons 
f o r  its success  l i e s  i n  t h e  con- 
s t r u c t i o n  of a d a t a  base t h a t  i s  
compatible with t h e  requirements 
of t h e  d i f f e r e n t  spec ia l i sms  of 
.-. - geology and mine layout  planning. 
( d )  Those which show t h e  dependence of 
information flowing from one sub- 
problem t o  another  on t h e  assump- 
t i o n s  made in e i t h e r  sub-problem. 
Anexample here  is t h e  model of 
manpower requirements and product- 
- i v i t y ;  t h e  reason f o r  its develop- 
ment w a s  t o  improve a n a l y s i s  which 
had previously assumed t h a t  OMS 
could be regarded a s  an exogenous 
va r f ah le  l i nk ing  manpower and 
output.  
m T H E R  APPLICATIONS 
The OR models descr ibed in t h i s  
paper were all developed a t  one pa r t -  
i c u l a r  new mine prospect .  E f f o r t  i n  
t h e  last year  o r  so has concentrated 
on t e s t i n g  whether t h e s e  models can be 
implemented gene ra l ly  at  o t h e r  prospec- 
t i v e  new mines and major expansions. 
Implementation has been succes s fu l ;  and 
i n  p a r t i c u l a r  t h e r e  has been e n c o u r ~ g i n g  
progress  i n  two sepa ra t e  d i r e c t i o n s .  
F i r s t l y  t he  models a r e  being used 
increas ingly  e a r l y  i n  t h e  planning 
process ,  and a r e  making an increas ing  
con t r ibu t ion  t o  t h e  v i t a l  e z r l y  
dec is ions .  ( I n  t h e  f i r s t  app l i ca t ions  
they were by n e c e s ~ i t y  used more t o  t e s t  
t he  s e n s i t i v i t y  of an a l r eady  f a i r l y  
well-defined plan.)  Secondly, they a r e  
being proved app l i cab le  t o  problems of 
smaller-scale expansions at e x i s t i n g  
c o l l i e r i e s .  I f  such a t rend  cont inues ,  
we can look forward t o  a time when a t  
l e a s t  some of t h e  models descr ibed might 
be of use i n  t h e  planning of a l l  
c o l l i e r i e s .  
In  t h e  course of such d isseminat ion ,  
much f u r t h e r  research  has and w i l l  be 
generated.  Exis t ing  models w i l l  have 
t o  be adapted and expanded t o  c a t e r  f o r  
s p e c i f i c  new problems encounrered a t  
- p a r t i c u l a r  prospects .  In  a d d i t i o n ,  
involvement a t  o the r  prospec ts  w i l l  
de f ine  those a r e a s  where research  is 
requi red  t o  f i l l  gaps not  covered by 
t h e  present  range of models. The 
i d e n t i f i c a t i o n  of research  requirements ,  
and t h e  balance between implementation 
and new re sea rch ,  w i l l  be continuously 
monitored and appraised by ORE and 
t h e i r  sponsors i n  t h e  Mining Department 
of t h e  National  Coal Board. 
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1. I n t  r o d u c t i o n  
Computers, and e s p e c i a l l y  t h e  e l e c t r o n i c  d i g i t a l  computers, 
have enabled t o  i n t r o d u c e  modern methods o f  a p p l i e d  mathoma- 
t i c s  add t o  u t i l i z e  a g r e a t  number o f  q u a n t i t a t i v e  and q u a l i t a -  
t i v e  i n f o r m a t i o n  d a t a  i n  des ign  works, Therefore,  t h e  G26nne 
B i u r o  Studidw i Pro jek t6w G6rn iczych - GBSiPG /Main O f f i c e  o f ,  
M i n i n g  S tud ies  and Designs/ endeavour ing t o  keep a h i g h  s tandard  
of  t o c h n i c e l  solutions ha0 boon b r o a d l y  a p p l y i n g  f o r  moro 
t han  t o n  yoars  o numbsr o f  cornputerizod mothodo. 
GBSIPG was one o f  t h e  f i r s t  doo ign ing  i n s t i t u t i o n s  in Poland 
which under took t o  o rgan ize  i n  1966 i t s  own computer centro.  
The i n t r o d u c t i o n  o f  e l e c t r o n i c  computing techn iques  f o r  dos ign  
purposes took  p l a c e  a l r e a d y  a few years  e a r l i e r ,  whereby use 
was made o f  d i f f e r e n t  s tandard  programs, m o s t l y  d e r i v o d  f r o n  
t h e  b u i l d i n g  i n d u s t r y  and i n t e n d e d  f o r  s t a t i c  c a l c u l a t i c n s  o f  
mine s u r f a c e  p l a n t s .  The c r e a t i o n  o f  t h e  own computing cent ro ,  
equipped w i t h  d i g i t a l  computers and l o c a t e d  a t  t h e  premises o f  
t h e  o f f i c e ,  c o n s i d e r a b l y  f a c i l i t a t e d  t h e  a p p l i c a t i o n  and spread 
of computer ized methods, A t  t h e  same t ime, a broad-scalo 
t r a i n i n g  scheme f o r  d e s i g n i n g  pe rsonne l  was i n i t i a t e d ,  No~v  o u r  
o f f  i c e  possesses t h e  computers ODRA 1204 and ODRA 1305 i*:ith 
o p e r a t i o n a l  memories 16 K and 64 K, as w e l l  as s e v e r a l  m in i -  
compute r s .  Due t o  t h e  s p e c i f i c  f e a t u r e s  c h a r a c t e r i z i n g  the a c t i -  
v i t i e s  of t h e  o f f i c e  w e  h a v e  worked o u t  own o r i g i n a l  p r o g r a m s  
d e s t i n e d  t o  meet t h e  n e e d s  o f  t h e  c o a l  m i n i n g  i n d u s t r y ,  More 
s p e c i a l i z e d  p r o b l e m s  a r e  e l a b o r a t e d  i n  c o - o p e r a t i o n  w i t h  t e c h -  
n i c a l  u n i v e r s i t i e s  and  r e s e a r c h  i n s t i t u t e s .  F o r  i n s t a n c o ,  t h o  
p r o b l e m 6  o f  o r g a n i z a t i o n  a n d  managomont of  m i n i n g  e n t c r p r i s o s  
h a v e  b e e n  s o l v e d  j o i n t l y  w i t h  t h e  O r g a n i z a t i o n  and  Management 
D i v i s i o n  o f  t h e  P o l i s h  Academy of  S c i e n c e  a t  Bytom; t h e  me thods  
o f  s u r f a c e  d e f o r m a t i o n  c a l c u l a t i o n s  - w i t h  t h e  I n s t i t u t e  of  
Mine D e s i g n s  a n d  S u r f a c e  P r o t e c t i o n  o f  t h e  S i l e s i a n  P o l y t e c h n i c  
a t  G l i w i c e ,  some s e l e c t e d  p r o b l e m s  o f  d a t a  p r o c e s s i n g  f o r  mana- 
gement  p u r p o s e s  - w i t h  t h e  Compute r  I n s t i t u t e  of  Min ing  I n d u s t r -  
a t  K a t o w i c e ,  etc. The  w h o l e  a c t i v i t i e s  a r e  c o - o r d i n a t e d  by t h e  
N w  D e p a r t m e n t  of  T e c h n i q u e  i n  t h e  M i n i s t r y  o f  Mining.  
2. P r i n c i p l e s  of  u s i n g  cornpu t e r i z e d  ma t h o d s  
i n  m i n i n g  d e s i g n s  
C o m p u t e r i z e d  me thods  a r e  a p p l i c a b l e  a t  a l l  d e s i g n  s t a g e s .  
I n  p a r t i c u l a r  t h e s e  s t a g e e  ombrace  : 
- progrnmminr~  t h o  dovolopn~onr  of  t h o  t o t a l  c o o l  min111g ;I~~i luatr.y,  
- f e a s i b i l i t y  s t u d i e s ,  
- d o t a i l c d  t e c h n i c a l  dosigns, 
- d e s i g n e r s  s u p e r v i s i o n  of t h e  d e s i g n s  r e a l i z a t i o n  a t  c o n s t r u c -  
t i o n s  s i tes .  
The s c o p e s  o f  t h e  d i f f e r e n t  c o m p u t i n g  p r o g r a m s  a r e  a d j u s t e d  t o  
t h e  d i f f e r e n t  s t a g e s  o f  t h e  d e s i g n  p r o c e s s  a n d  t o  t h e  i n d i v i d u a l  
n a t u r e  o f  p a r t i c u l a r  p r o j e c t s .  I n  c o l l i e r i e s  whose  d e s i g n  i s  
b e i n g  t h e  b a s i c  s u b j e c t  o f  a c t i v i t i e s  of o u r  o f f i c e ,  t h e r e  
a p p e a r s  a  close  c o r r e l a t i o n  and  f e e d b a c k  betvieen t h e  p e r f  o r n a n c e  
o f  d i f f e r e n t  c o a l - p r o d u c t i o n  s e c t i o n s  and  t h e  t e c h n o l o g i c a l  
p r o c e s s e s .  T h e r e f o r e ,  i t  would  b e  a d v i s a b l e  t o  c o n s i d e r  a  mino 
a s  be ing  a  b i g  system and t o  examine i t  comprehensively  by 
means of t h e  methodology of sys t ems  a n a l y s i s ,  Consequent ly ,  i t  
would be p o s s i b l e  t o  a c h i e v e  an  optimum s t r u c t u r e  and s i z e  of 
t h e  system, which means - of t h e  mine, 
The i n t r o d u c t i o n  of computer ized methods o f f e r s  such  p o s s i b i -  
l i t y ,  bu t  t h e  u s e  of o p t i m i z a t i o n  methods f o r  some b i g  sys tems ,  
and e s p e c i a l l y  v e r y  complex sys t ems  l i k e  mines,  would poso 
g r e a t  d i f f i c u l t i e s  i n  p r a c t i c a l  terms, and t h e r e f o r e  t h e  e p p l i -  
c a t i o n  of p a r t i a l  a n a l y s e s  - f o r  i n d i v i d u a l  sub-dystems and 
t h e  s e a r c h  f o r  p a r t i a l l y  optimum s o l u t i o n s  h a s  been adopted ,  
a l t hough  i t  i s  obv ious  t h a t  u s u a l l y  t h e  sum of p a r t i a l  optimum 
s o l u t i o n s  19 n o t  t h e  same a s  t h e  t o t a l  optimum of t h e  whole 
system, A y e t  b roade r  scope  of problems appea re  i n  d e s i g n i n g  
a new c o a l f i e l d  or  c o a l  reg ion ,  
Fo r  t h e  i n t e g r a t e d  time-and-space i n t e r c o n n e c t i o n  of t h e  
mining and r e g i o n a l  development such  s o l u t i o n s  have t o  be cons i -  
de red  and worked o u t  a s :  
- optimum recovery  of c o a l  from d e p o s i t s  and t h e  u t i l i z a t i o n  of 
accompanying m i n e r a l s ,  
- development of a s u i t a b l e  i n f r a s t r u c t u r e  f o r  t h e  r e g i o n  in -  
c l u d i n g  a n c i l l a r y  s e r v i c e s ,  s o c i a l  and l i Q i n g  f a c i l i t i e s ,  
communication and t r a n s p o r t a t i o n  networks,  w a t e r  s u p p l y  and 
aewago d i e p o s a l  ayotoms ' , power aupply ,  e t c , ,  
- development of a s s o c i a t e d  i n d u s t r i e s ,  e s p e c i a l l y  i n d u s t r i e s  Q t r a d i t i o n a l l y  i n  e r e n t  i n  t h e  r eg ion ,  
- development of s c h o o l s .  of d i f f e r e n t  l e v e l s  and s p e c i a l i z a -  
t i o n s ,  and c r e a t i o n  of a d e q u a t e  j o b s  f o r  d i f f e r e n t  v o c a t i o n a l  
- measures  f o r  p r o t e c t i n g  t h e  environment.  
A s e p a r a t e  problem i s  t h e  a p p l i c a t i o n  of d a t a  p r o c e s s i n g  
f o r  t h e  d e s i g n  and o f f i c e  work, Fo r  t h i e  purpose  a  computer i -  
zed i n f o r m a t i o n  system h a s  been implemented which c o l l e c t s  a l l  
i n f o r m a t i o n  on some se lec ted  works c a r r i e d  ou t  i n  f i v o  d i f f e r e n t  
r e g i o n a l  des ign  o f f i c e s  subord ina te  t o  the  GBSiPG. A simp10 
system o f  d e s c r i p t o r s  p rov ides  qu i ck  and s e l e c t i v e  g e t t i n g  o f  
i n f o r m a t i o n  on the  chosen t e c h n i c a l  problem o r  dee ign  so l u t i on .  
The processing diagram and the  s t r u c t u r e  o f  t he  i n f o r m a t i o n  - 
end - finding system i s  shown i n  Fig, 1. 
2.1. P lann inq  the  development o f  t he  c o a l  m i n i n q  
i n d u s t r y  
The des ign  concepts f o r  the  development o f  t he  i n d u s t r y  a re  
conducive t o  the  a t ta inmen t  of techno-economic p roposa ls  f o r  
dec is ion - tak ing  by the  M i n i s t r y  o f  M in i ng  and, a t  t he  same 
t ime, e r e  t he  b a s i s  f o r  drawing up long- term plans. I n  the  p l a -  
nn ing  process use i s  made o f  p rogrenswf th  t h e  c r i t e r i o n  o f  
economic f e a s i b i l i t y  o f  t he  p ro j ec t .  Th ia  c r i t e r i o n  c o n s i s t s  
i n  t he  m i n i m i z a t i o n  of c a p i t a l  expend i tu res  o r  o f  p roduc t i on  
coats. The most f r e q u e n t l y  used programs a r e  the  f o l l o w i n g  ones, 
e/ Programs f o r  c a l c u l a t i o n  o f  n a t u r a l  earametere 
--. -----.-.--.---------.-.---.-.-.. .- - 
o f  deeos i t s  
--.-- -0-0- 
They onablo t o  c a r r y  ou t  c a l c u l a t i o n s  of c o o l  roservog i n  
tho  depoo i t  f o r  any ranges o f  dopths and t o  o o t a b l i s h  t h o  prin- 
c i p a l  model o f  o mino, i n c l u d i n g  i t s  s u b d i v i s i o n  i n t c  hor izons. 
The programs a r e  i n tended  f o r  ana l ys i ng  the  reserves i n  pros- 
p e c t i v e  areas exp lo red  e x c l u s i v e l y  by boreholes as w o l l  as f o r  
areas o f  m in ing  p r o j e c t s  f o r  which the  degree o f  accuracy i n  
g e o l o g i c a l  e x p l o r a t i o n ,  the  ind i spensab le  p r o t e c t i v e  p i l l a r s ,  
t he  soam outcrops, the  l i n e s  o f  f a u l t s  and o t h e r  d i s tu rbsnces ,  
have been determined. The programs i n c l u d e  10 f r e e l y  se lec red  
paraueters  o f  t he  depos i t  /e.g. ash content ,  su lphur  con?e~ i t ,  
t ype  o f  coa l ,  c a l o r i f i c  vaule,  etc./ The programs have bcen used 
many t imes f o r  des igning,  s p e c i a l l y  on the  new L u b l i n  Coal  
Region, and f o r  f i n d i n g  p roper  s o l u t i o n s  of  such problems as: 
d i v i d i n g  t he  depos i t  i n t o  mining sect ions, the  optimum depth 
f o r  e s t a b l i s h i n g  the  mining horizons, l o c a t i o n  o f  shaf ts ,  etc. 
b/ C a l c u l a t i o n  erogram f o r  deformations o f  the 
----..------ 0- .. ---. -.e .I-. ..-~.oe.-~ 
rock body. and the mining sur face 
-.....-. .----.---..-- - --.--- 
This  program a l lows  t o  fo recas t  the s i z e  o f  deformat ion i n d i -  
ces a t  d i f f e r e n t  stages o f  e x p l o i t a t i o n ,  t o  ad jus t  the exp lo i -  
t a t i o n  i n f l uences  t o  the  s t reng th  o f  sur face objects,  and t o  
arrange the e x p l o i t a t i o n  panels i n  such a way as t o  minimize 
the damaging e f f e c t s  upon the surface, 
F e a s i b i l i t y  s tud ies  on mines 
The computerized methods app l ied  a t  the stage of f e a s i b l i t y  
s tud ies  a l l ow  the  conduct ion o f  mu l t i - va r i an t  techno-economic 
analyses t a i l o r e d  t o  the  g iven mining and geo log ic  condi t ions,  
To the most f r equen t l y  u t i l i z e d  programs a t  t h i s  stage belong: , 
a/ Mathematical  model f o r  s ing le-hor izon m5ne 
--------~~10~----1--0- - --------.-- 
I t  al lowe t o  chooso the most favouroble l ayou t  e o l u t i o n  f o r  
the underground and sur face o f  a mAne according t o  economic 
c r i t e r i a  and t o  p r e v a i l i n g  n a t u r a l  condi t ions,  I n  l i n e  w i t h  
t h i s  method, the p h y s i c a l  model o f  the XXX Anniversary Mine i n  
the Rybnik Coal Region was establ ished, The r e s u l t s  o f  ca lcu la-  
t i o n s  permi t ted  t o  make savings i n  c a p i t a l  expendi tures i n  t he .  
order  o f  60 mln z lo tys ,  
b/ o Oet im iza t ion  ,-.,-. rogram ,-.,,.. f o r  -,,.-.---,-,.--..-.. dimensions o f  mining 
areas i n  c o l l i e r i e s  
..-..-...------.------ 
f o r  
 hi^ prograa was appl ied,  among o thers  the L u b l i n  Coal  Region 
i n  order  
f 
- t o  est imate the economic e f e c t s  r e l a t e d  t o  d i f f e r e n t  dimen- 
s ions  o f  a mining area and t o  s e l e c t  the  optimum area, 
- t o  compare the e f f e c t s  o f  d i f f e r e n t  mechanization and automa- 
t i o n  systems i n  min ing opera t i ons ,  
- t o  compare the  economic e f f e c t s  o f  d i f f e r e n t  c o a l  produc- 
t i o n  l e v e l e  from a s i n g l e  l ongwa l l  face and from a whole mine, 
tQ 
- compere the e f f e c t s  o f  d i f f e r e n t  methods o f  opening and deve- 
l o p i n g  the deposit .  
The p a n e l l i n g  model f o r  one o f  the minee as a r e s u l t  o f  o p t i -  
m i za t i on  c a l c u l a t i o n s  e n t a i l e d  the decrease o f  p roduc t ion  cos ts  
by about 10 pe r  cent, 
Techn ica l  designs 
At  the stage o f  prepar ing t echn i ca l  designs, programs are  
used f o r  c a l c u l a t i o n s  i n  the scope o f  cons t ruc t ions  and o f  
technologies, Consequently, the  designer ob ta ins  a number o f  
t echn i ca l  data  enab l ing an enhanced use o f  a v a i l e b l e  objects,  
ma te r i a l s  and equipment, Several  programs app l i cab le  a t  the 
i n i t i a l  stage o f  designing, e,g, the  program o f  computing 
reserves o r  op t im i z i ng  the  s i z e  and s t r u c t u r e  o f  a mining area, 
might a l s o  be used a t  t h i s  stage, 
The cons t ruc t i on  and technology programs used most f r equen t l y  
here a re  as f o l l o w s :  
a/ Software set  f o r  s t a t i c  and dynamic c a l c u l a t i o n s  
-oo.~----LI--.---oe----.-~--- --.-o--.---------- 
w i t h  regard t o  s u r f  ace and Underground e t ruc tu res  
o--o--- ~~-~~.~o-~~..o~--~o~oooo oo-~o-~o---...--- 
This. s e t  i nc l udes  more than ten computing sys'tems and prog- 
rams such as 
- dynamic c a l c u l a t i o n s  o f  foundat ion b locks underneath non- 
percussive machines, 
- dynamic c a l c u l a t i o n s  o f  tower s t ruc tu res ,  
- s t a t i c  and dynamic analyses o f  f l a t  rod systems and o f  
s tocky frames, 
- s t a t i c  a n a l y s i s  o f  c o n s t r u c t i o n  s c a f f o l d i n g s  / f o r  r o o f s /  a n d  
o f  f l o a t i n g  f o u n d a t i o n s ,  
- s t a t i c  a n a l y s i s  o f  s p a t i a l  s y s t e m s ,  
- a n a l y s i s  o f  f o u n d a t i o n s  a n d  o f  u n d e r g r o u n d  p a r t s  o f  b u i l d i n g s  
e x p o s e d  t o  t h o  i n f l u e n c e  o f  min ing .  
T h e  a b o v e m e n t i o n e d  s y s t e m s  a n d  c o m p u t i n g  p r o g r a m s  are b a s e d  
o n  e n  own o r i g i n a l ,  t h e o r i t i c a l  b e e i s  w h i c h  p e r m i t s  t o  d e s i g n  
t h e  m i n i n g  c o n s t r u c t i o n  o b j e c t s  w i t h  a l l o w a n c e  f o r  several 
i n t e r r e l a t i o n s  a n d  f a c t o r s  i m p o s s i b l e  t o  b e  i n t r o d u c e d  w i t h o u t  
c o m p u t e r i z ~ d  methods .  
The  i m p l e m e n t a t i o n  o f  t h e  m e t h o d s  h a s  f o l l o w e d  i n  many m i n i n c  
c o n s t r u c t i o n s ,  s u c h  a s  i n d u s t r i a l  b u i l d i n g s  on  t h e  mine  s u r f a c e ,  
s u p p o r t s  of u n d e r g r o u n d  w o r k i n g s ,  h o i s t i n g  vessels, h o u s i n g  
a n d  socia l  b u i l d i n g s ,  a n d  s t r u c t u r e s  o f  t h e  m i n i n g  a n c i l l a r y  
services. 
P a r a l l e l y  t o  t h e  b r o a d  i n t r o d u c t i o n  o f  p r o g r a m s  i n  t h e  
coal m i n i n g  i n d u s t r y ,  many a n a l y s e s  a n d  c o m p u t a t i o n s  h a v e  b e e n  
d o n e  f o r  d e s i g n  r e q u i r e m e n t s  o f  o t h e r  i n d u s t r i e s ,  s u c h  as t h e  
s tee l  i n d u s t r y  / p l a n t s  f o r  K a t o w i c e  S t e e l w o r k s / ,  t h e  b u i l d i n g  
i n d u s t r y  / h o u s i n g  a n d  communal p r o j e c t s  o n  areas  a f f e c t e d  by  
min ing / ,  t h e  h e a l t h  sector / M e d i c a l  C o n t r e  a t  Ocho jec / ,  m a c h i n o  
i n d u s t r y  / s u p p o r t  s t r u c t u r e s  f o r  b o i l e r e / ,  power  g e n e r a t i o n  . 
i n d u s t r y  / f o u n d a t i o n s  f o r  h i g h - c a p a c i t y  t u r b i n e s / .  . 
Economies  a c h i e v e d  t h r o u g h  t h e  u s e  o f  t h e  e n u m e r a t e d  
p r o g r a m s  are e s t i m a t e d  t o  amount  t o  a b o u t  25 mln z l o t y s  p e r  
y e a r .  
b/ P r o g r a m s  f o r  c o m e u t i n g  v e n t i l a t i o n  n e t w o r k s  
0-0. 0000.000~00- 00.- ~ o o o - o ~ . o ~ ~ ~ o o o ~ o o ~ o .  
They  e n a b l e  t o  c a l c u l a t e  t h e  t e m p e r a t u r e  a n d  t h e  d i s t r i b u -  
t i o n  o f  a i r  - f l o w  i n  w o r k i n g s  w i t h  p r e - d e t e r m i n e d  c r o s s - s e c t i o r  
sizes a n d  known c h a r a c t e r i s t i c s  o f  t h e  ma in  v e n t i l a t i o n  f a n s .  
c/ Programs f o r  comeuting the hyd rau l i c  stowing systorn 
0.0 ------------ 0--0 ------ -------------- 0. .--... 
They l ead  t o  the determinat ion o f  parameters o f  the stowing 
i n s t a l l a t i o n  a t  t h i  sur face and the diameters o f  the underground 
stowing p i p e l i n e  gr id .  
d/ Oe t im iza t ion  erogram f o r  earameters o f  a mechanized 
0- --..--..--.-- ..-.- . U ~ ~ I H I I I I I ~ ~ I ~ I - - - - - - - -  
l o n g w a l l  face 
0. --.------- 
The program g ives  the w id th  of  the l o n g w a l l  face and the 
l e n g t h  o f  the l o n g w a l l  panel, the p roduc t ion  f igures,  the facees  
d a i l y  r a t e  of advance and the labour  p roduc t i v i t y ,  At the same 
time i t  i n d i c a t e s  the lowest  product ion cos ts  connected w i t h  
the g iven mining and geo log i ca l  cond i t i ons  and w i t h  the  se lec ted 
t e c h n i c a l  equipment f o r  the l o n g w a l l  face, 
e/ Program f o r  comeuting the  main dewater ing system 
0.0 HIII...... 0-0. .------------.HI-- 0- -... 
The r e s u l t s  o f  those c a l c u l a t i o n s  i nc lude  parameter: of the  
main dewatering systom,such o o :  the  size o f  the undorground 
wator tanks, tho requ i rod  capac i ty  of  pumps, the f l ow  v o l o c i t y  
thwough p ipe l inoo ,  tho thicknoos and weight o f  the pipoc~, t ho  
s e l e c t i o n  o f  pumps and motors. 
Oe t im iza t ion  o f  the main r a i l  and belt-conveyor 
0 -.-..-..--...----. ...--.--.------.---.... 0- 
t ranseort  system 
-.--.- .-..- --.- 
By app ly ing a  s imu la t i on  program f o r  the r.o.m. t ransporta-  
t i o n  process, the  f o l l o w i n g  f a c t o r s  a re  being opt imized : 
- the  capac i t i es  bf the  surget i rnkere ln  the min ing s e c t i o n  and 
a t  the s h a f t  bottom, 
- the  scope of  earth-work i n  the cons t ruc t i on  o f  r a i lway  l i n e s  
and roads, as w e l l  as i n  ground l e v e l l i n g  operat ions, 
- the  geometric schemes of r a i lway  s t a t i o n e  and o f  road systems, 
- the  maximum ou t f low of atmospheric waters from r i v e r  basins, 
Very o f t e n  the o f f i c e  has used computing programs f o r  the 
determinat ion o f  res is tance  of h o i s t i n g  elements such as sk ips,  
ceges, brak ing arrangements, and0&ccesion ca lcu la t ions.  Other 
sectore  may a l s o  use programs f o r  the underground power sGpply 
and low vo l tage  power networks, as w e l l  as f o r  s a n i t a r y  and 
hea t ing  i n e t e l l a t i o n s ,  For purposes o f  environmental  protection 
computing programs a re  used r e l a t i n g  t o  the  e f f e c t s  o f  a i r  
p o l l u t i o n  caused by hea t ing  p lants,  
2.3, Superv is ion o f  designs r e a l i z a t i o n  a t  
cons t ruc t i on  s i te ' s  
Designers of our  o f f i c e  a re  conduct ing supervis9sY works a t  
cons t ruc t ion  s i t e s  according t o  j o i n t  agreements w i t h  the i n -  
vestors, Computer programs used i n  t h a t  case are  based on net-  
work methods enab l ing t o  e s t a b l i s h  the c r i t i c a l  pa th  on the 
cons t ruc t i on  schedule o f  the p r o j e c t  o r  o f  e  se t  o f  pro jec ts .  
Besides, o ther  analyses a re  a l s o  made on the u t i l i z a t i o n  o f  
bas ic  i n p u t  mater ia ls ,  Th is  way o f  l ead ing  the investment a c r i -  
v i t i e s  q u i t e  f r e q u e n t l y  a l l o v 6 f o r  shor ten ing t he  t ime of con- 
s t r u c t i o n  by some 10 per  cent and c u t t i n g  the l e a d  t ime procedinl  
the  at ta inment  of p roduc t ion  objoct iveo,  
3. Conclusions 
Th i s  paper has presented the  range o f  computerized methods 
a p p l i c a t i o n  a t  GBSiPG. These methods a re  used i n ' d e s i g n  p r a c t i c e  
bo th  f o r  l a r g e  projects. ,  such as mining and reg iona l  developmen, 
i n  connect ion w i t h  e x p l o i t a t i o n  o f  c o a l  deposits,  and f o r  every- 
day neede i n  d i f f e r e n t  des ign ing branches, The i n t e r d i s c i p l i n a r y  
approach as app l ied  a t  the o f f i c e  makes al lowance f o r  achieve- 
ments of t h e o r e t i c a l  d i s c i p l i n e s ,  f o r  r e s u l t s  of research and 
development a c t i c i t i e s  and f o r  the experience o f  engineer ing prac 
t i ce .  The o f f i c s  i s  s t i m u l a t i n g  tho c o l l a b o r a t i o n  o f  innovators,  
s c i e n t i s t s ,  designers and economists. 
The r e s u l t a n t  new ideas and so lu t ions ,  based f r equen t l y  on 
R+D e f f o r t s ,  a re  cons tan t l y  in t rbduced through techn i ca l  designs 
i n t o  investment p r a c t i c e  t o  safeguard the poss ib l y  h ighest  
standards of  performance i n  Pol ish-mines. 
On the  bas is  o f  ample experience gained f o r  many years, the 
GBSIPG envisages f u r t h e r  development i n  the a p p l i c a t i o n  o f  
camputerized methods. To t h i s  end t he  own computer cen t re  w i l l  
be expanded i n  compla&nce w i t h  the growing range o f  forthcoming 
tasks, 
Fig, 2 shows an up-dated scheme o f  o rgan i za t i on  regarding 
c o m p u t e r i z ~ d  ce lcu la t ione ,  
The ex tens ion o f  use of  computerized sethoda i s  foreseen 
p r i m a r i l y  i n  t he  f o l l o w i n g  scopea t 
- e lebo ra t i on  o f  prognosee, 
- mult  I - va r i an t  op t im i za t i on  analyses, 
- automation o f  t he  des ign ing process, 
-. methoda o f  management and procese c o n t r o l  on the aca le  o f  
a mine and o f  a  min ing d i v i s i on ,  
These o b j e c t i v e s  w i l l  be f e a s i b l e  a f t e r  a  subsequent 
onlorgomont o f  tho computor contro by now i tomo of  oquipmont, 
p o r t i c u l n r l y  o f  tho f i r e t  po r lphary  /d iao momorioo, plotting 
output/  and f o r  te le- t ransmiss ion o f  data, Th i s  w i l l  improve 
c~mmunicat ion w i t h  the  cuotomers, The implomentat ion o f  those 
p r o j e t t s  w i l l  be supervised by the Department of  New Technique 
i n  the M i n i s t r y  o f  Mining, i n  c lose  co-operat ion w i t h  the  
Computer I n s t i t u t e  o f  Min ing Industry.  
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RESEARCH INTO THE LIKELY EFFECTS 
OF INTRODUCING LHD EQUIPMENT INTO 
COAL MINES 
N. Schaechter 
Institut fuer Bergbaukunde und 
Bergwirtschaftslehre 
1. Reasons for the research of probable effects by introducing 
LHD equipment in coalmines 
Stimulated by U.S. - american developments "trackless-systems" 
were introduced to west-german potash- and later on to ore-mines, 
at first only as LHDs in production and later on - according to 
the general demands fordieselpoweredengines - in all parts of 
the mine, where high mobility was necessary. Reason for this was 
mainly the pressure of becoming economically more efficient by 
overcoming the stagnation in productivity while labour-costs were 
increasing. 
The change to the use of trackless systems implied in most times 
significant alterations of mining methods and mine development. 
The fundamental idea wa not only to fit the new systems into 
existing methods, but also to find new mining methods in order 
to take advantage of the capacities of the machinery. 
Beside the existing machinery used in stoping and tunneling-i.e. 
scooptrams, drilling-jumbos and blasting equipment - a number of 
additional dieselpowered machines were developed, which fitted into 
the LHD-system and lead to further increases in production combined 
with reduction of staff. 
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Through t h i s  t h e  o r i g i n a l  Load-Haul-Dump-technique became a p a r t  
of a system of t r a c k l e s s  machines with spreading funct ions  a s  t o  
be seen on the  fol lowing diagramm. 
In  the  e a r l y  s t a g e s  of using LHD-techniques i n  potash- o r  ore-mines 
a number of problems a rose  i n  connection with opera t iona l  planning 
and optimal harmonizing mining methods and development and op t i -  
mizing the  machinery i t s e l f .  
Therefore, by means of opera t ion research (s imula t ion,  queuing 
techniques, l i n e a r  programming) interdependances of  the  new system 
w e r e  analysed t o  understand the  consequences and inf1uenc.e~ of using 
t r ack l e s s  machinery underground. 
The scope of these  s t u d i e s  rangedfrom s ing l e  and simple problems, 
l i k e  the  eva lua t ion  of t he  optimal d i s t ance  between t r anspo r t ab l e  
crusher-s ta t ions  i n  a d i s t r i c t  t o  g e t  a most e f f e c t i v e  combination 
of scooptrams and dumpers t o  solve  haulage problems up t o  t he  
research on t he  op t imisa t ion  of t he  e n t i r e  underground working of 
potash mines with a d a i l y  production r a t e  of 20.000 t / d .  
R e s u l t s  of t h e s e  s t u d i e s  w e r e  t h a t  t r a c k l e s s  systems i n  under-  
ground workings a r e  t o  describe by methods o f  O.R. and t h a t  t h e  
use  of  computers f o r  r e s e a r c h  of t h e  t e c h n i c a l  and economical  
r e s u l t s  o f  p l ann ing  can  l e a d  t o  s u f f i c i e n t  p r e d i c t i o n s  o f  t h e  
e f f e c t s  o f  f u t u r e  developments.  
Cons ider ing  t h e  profound improvements i n  p r o d u c t i v i t y  and economics 
i n  o t h e r  mining i n d u s t r i e s  as a consequence o f  t h e  development o f  
t r a c k l e s s  systems,  t h e  q u e s t i o n  a r o s e ,  whether  a t r a n s f e r  o f  t h i s  
technology i n t o  coalmines  - and e s p e c i a l l y  i n t o  westgerman coal- 
mines - is p o s s i b l e  or n o t .  Doing t h i s  a c e r t a i n  amount o f  
r e s t r i c t i o n s  have t o  be t aken  i n t o  c o n s i d e r a t i o n  some o f  which I 
would l i k e  t o  o u t l i n e .  
2 .  T r a n s f e r  o f  r e s u l t s  from o t h e r  mining i n d u s t r i e s  t o  coalmines  
2.1 Potash-mining 
The f a s t  and easy  development o f  L H D s  i n  potash-mines can be ,ex- 
p l a i n e d b y  t h e  ve ry  f e w  t e c h n i c a l  r e s t r i c t i o n s :  
Due t o  t h e  rock-mechanical c h a r a c t e r i s t i c s  i n  potash-mines it is 
p o s s i b l e  t o  u se  wide d r i f t s  and rooms w i t h o u t  s u p p o r t .  Therefore  
n e a r l y  e v e r y  s i z e  o f  L H D s  can be  used.  Combined w i t h  t h a t  a 
s u f f i c i e n t  stream o f  f r e s h  a i r  can be prov ided  t o  d i l u t e  t h e  
e x h a u s t  o f  d i e s e l - e n g i n e s .  Depos i t s  o f  t h i c k  seams w i t h o u t  o r  w i t h  
l i t t l e  i n c l i n a t i o n  w i l l  n o t  reduce  t h e  c a p a c i t i e s  o f  t h e  used L H D s .  
The former u se  of  s l u s h e r s  i n  "Kamrnerbau" w a s  abandoned due t o  t h e  
room-and-pillar-method which b rough t  no problems from t h e  rock-  
mechanical  side.  The better a d a p t & i l i t y  o f  t h e  new method t o  
g e o l o g i c a l  f a u l t s  improved t h e  o u t p u t  o f  d e p o s i t s .  
I n  steep format ions  and ve in- type  d e p o s i t s  even more improvements 
cou ld  be  reached by u s i n g  L H D s .  F a m i l i a r  mining methods - l i k e  
sub - l eve l - s top ing  - cou ld  be improved by u s i n g  t h e  h igh  m o b i l i t y  o f  
t r a c k l e s s  machinery and t h e  i n c l u s i o n  o f  e x i s t i n g  hau lage  methods - 
l i k e  drop-holes  and a c e n t r a l  haulage-system on t h e  main- level .  
A d d i t i o n a l  development works had t o  be done f o r  ramps and s p i r a l s ,  
b u t  c o s t - i n t e n s i v e  winzes  cou ld  be  abandoned. 
O r e  d e p o s i t s  vary from g r e a t  masses t o  s t e e p  dipping narrow ve ins .  
Therefore LHDs f o r  smal l  d r i f t s  had t o  be developed, and a s  t h e  
capac i ty  - according t o  smal l e r  payload - went down, s u f f i c i e n t  
combinations of  scooptrams and dumpers had t o  be found. Some of  
t h e  p o s s i b l e  combinations f o r  d i f f e r e n t  width of  d r i f t s  can be 
derived from t h e  fo l lowing photo. 
Fur the r  achievements w e r e  t h e  p o s s i b i l i t y  of cons t ruc t ing  a ramp 
from t h e  s u r f a c e  t o  t h e  d e p o s i t  t o  avoid  the  blockade of t h e  main- 
s h a f t  by h o i s t i n g  m a t e r i a l s  and persons.  A l l  t r a n s p o r t  can be done 
by t h e  ramp. 
I n  potash d e p o s i t s  on ly  l i t t l e  roof-support  i s  necessary.  BY changinc 
t o  roof-bol t ing  and i n  our  days t o  a combination of concre te  - and 
roof b o l t  system a s u f f i c i e n t  suppor t  f i t t i n g  i n t o  t h e  t r a c k l e s s  
system could be achieved. 
From a l l  t h e s e  d e s c r i p t i o n s  can be de r ived  t h a t  t h e  main re- 
s t r i c t i o n s  f o r  t h e  s u c c e s s  o f  t r a c k l e s s  systems underground a r e  
- t h e  type o f  d e p o s i t  
- the p o s s i b l e  mining method 
- t h e  rock mechanics 
- t h e  v e n t i l a t i o n  system. 
I f  t h e r e  is  a c o a l  d e p o s i t  s i m i l a r  t o  a seam-type d e p o s i t  - l i k e  
t h e  po tash-depos i t s  o f  the Werra-Type - wi th  ve ry  l i t t l e  problems 
of  roo f -con t ro l  and a t h i c k n e s s  o f  more t h a n  2 meters, t h e r e  a r e  
l i t t l e  problems t o  t r a n s f e r  t h e  t r a c k l e s s  system i n t o  coal-mines 
a s  it has  been shown a t  Aumance i n  France.  A 3 , 6  m seam i s  mined by 
a room and p i l l a r  method u s i n g  LHDs .  P i t  development and f a c e  
development are ve ry  s i m i l a r  t o  po ta sh  mines. 
For steeply inclined seams several methods for using LHD-techniques 
have been developed, using mining methods like sub-level-stoping 
(RWTH Aachen) or roof and pillar mining (TU Clausthal) with 
concrete-filling, which were especially developed to fit rock- 
mechanical and petrochemical demands of coal-mining (roof control, 
self ignition). 
3. Footholds for the research of possible comitmence of LHD- 
techniques in seam-like deposits level to medium inclinations 
The transfer of solutions for LHDs into seam-like coal-deposits - 
especially in greater depths - is problematic. Due to high 
pressures none of the known mining methods including the use of 
LHDs - like room and pillar stoping - can replace the longwall 
mining, as they will lead to extreme losses of output of the 
deposit. A continuous mining and haulage system is characteristic 
for longwall mining and the use of shuttle cars seems to be im- 
possible since the output rate of one face can hardly be managed. 
Therefore the stoping area must be excluded from all research. 
Studying the distribution of men-shifts in a coal mine we learn, 
that the production demands less than 30% of all men-shifts. 
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There a r e  a l o t  more i n  t h e  areas " d r i f t i n g " ,  "maintenance" and 
" s e r v i c e " .  The r e a s o n s  f o r  t h a t  are q u i t e  e a s y  t o  u n d e r s t a i d :  
Longwall mining demands a  l o t  of development works and t h e  rock- 
mechanical  stresses on a l l  d r i f t s  m a k e  a l o t  o f  maintenance work 
necessary .  
The f a s t  advance o f  t h e  working area away from the s h a f t  causes  
long t r a n s p o r t - t i m e s . f o r  men and material.  Main t r anspor t - sys t ems  
i n  coal-mines are t r a i n s  o r  - i f  p o s s i b l e  - be l t - sys t ems ,  which are 
q u i t e  s u f f i c i e n t  for  the haulage o f  g r e a t  masses, b u t  restricted 
i n  their a d a p t a b i l i t y  t o  changing c i r cums tances .  T r a n s p o r t a t i o n  can  
o n l y  be done a l o n g  a c e r t a i n  r o u t e .  The modern p i t  de s ign  demands 
c o n c e n t r a t i o n s  o f  o n l y  about  30 men a t  one working area, whereas 
these areas a r e  m o s t l y  f a r  away from each  o t h e r .  Material t r a n s p o r t  
i s  compl ica ted  by the n e c e s s i t y  o f  a  number o f  l o a d i n g  and un- 
l oad ing  works u n t i l  it r eaches  i t s  d e s t i n a t i o n .  Fo r  this purpose 
t h e  u se  of t r a c k l e s s  systems seems t o  be  t h e  b e s t  s o l u t i o n .  Another 
p o s s i b i l i t y  f o r  u s i n g  L H D s  i n  c o a l  mines i s  d r i f t i n g .  Although 
f u l l - f a c e r s  and semi-facers have been s u c e s s f u l l y  i n t r o d u c e d  i n t o  
c o a l  mines, s t i l l  a b o u t  70% o f  d r i f t i n g  works i s  done by t h e  
conven t iona l  method o f  d r i l l i n g  and b l a s t i n g .  I n  s p i t e  o f  i n t e n s i v e  
e f f o r t s  t o  i n c r e a s e  t h e  e f f i c i e n c y  i t  cou ld  n o t  be reached due t o  
g r e a t e r  d imensions  of  t h e  d r i f t s  which a r e  n e c e s s a r y  by rock- 
mechanical  and v e n t i l a t i o n  means. The i n t r o d u c t i o n  o f  l o a d e r s  and 
d r i l l i n g  jumbos c o u l d  c e r t a i n l y  l e a d  t o  improvements, as could  be 
t e s t i f i e d  i n  some mines.  
I 
3.1 Former a c t i v i t i e s  and s t u d i e s  
The f i r s t  d i e se lpowered  t r a c k l e s s  v e h i c l e s  w e r e  i n t r o d u c e d  t o  
german c o a l  mines i n  the e a r l y  6 0 t i e s .  Small  v e h i c l e s  f o r  t r a n s p o r t  
i n  ga te - roads  proved  t o  be n o t  s u f f i c i e n t  as t h e  c o n s t r u c t i o n  
d i d n ' t  s a t i e s f y  t h e  underground requi rements .  Bes ides  t h a t ,  i n f r a -  
s t r u c t u r e  d i d n ' t  f i t  i n t o  t h e  system,  as t h e r e  w e r e  n e a r l y  no ramps 
o r  s p i r a l s .  
To provide  a  convincing use of  t r a c k l e s s  v e h i c l e s ,  e s s e n t i a l  
a l t e r n a t i o n s  of  t h e  i n f r a s t r u c t u r e  of  a  c o a l  mine must be made, 
e s p e c i a l l y  i f  s e v e r a l  seams a r e  mined s imul t aneous ly .  These w i l l  
be development of  ramps and/or  s p i r a l s ,  c o n s t r u c t i o n  of s p e c i a l  
workshops, no r e c t a n g u l a r  c r o s s r o a d s ,  and,  a s  a  s p e c i a l  problem, 
t h e  mine v e n t i l a t i o n  system. For p lanning  it w i l l  be  necessa ry  t o  
combine s e v e r a l  d r i f t i n g s  t o  provide  a  minimum requirement  of 
v e h i c l e s  by maximal e f f i c i e n c y .  
Research w i l l  t h e r e f o r e  s p l i t  up i n t o :  
- t e c h n i c a l  s t u d i e s  ( i . e .  development o f  s u p e r s t r u c t u r e ,  eng ines ,  
t y r e s ,  c a p a c i t i e s )  
- planning  of  de;elopment works ( t ime-cha r t s  , mine l a y o u t ,  i n f r a -  
s t r u c t u r e )  
- o r g a n i s a t i o n  (harmonizing t i m e  t a b l e s ,  d i s p a t c h i n g  v e h i c l e s  and 
t r a n s p o r t a t i o n s ) .  
None of  t h e s e  p o i n t s  should  be s t u d i e d  i n  i s o l a t i o n  of  t h e  o t h e r  
a s  t h e r e  w i l l  be many combinations necessa ry .  
Besides  t h a t ,  a t  any s t a g e  of  r e s e a r c h  comparisons t o  a l t e r n a t i v e  
t r a n s p o r t  t echno log ies  must be made, t o  prove t h a t  t r a c k l e s s  systems 
are s t i l l  economical.  For  doing t h i s ,  s e v e r a l  methods a r e  p o s s i b l e :  
- f o r  s i n g u l a r ,  l i m i t e d  problems it w i l l  be  p o s s i b l e  t o  get a 
s o l u t i o n  "by hand", f o r  i n s t a n c e ,  f o r  a  fundamental  s tudy  about  
t e c h n i c a l  and economical r e a l i s a t i o n  p o s s i b i l i t i e s  
- t o  harmonize t h e  s i z e s  and types  of a  t r a c k l e s s * s y s t e m  v e h i c l e s  
and f o r  c a p a c i t y  s t u d i e s  t h e  use  o f  "s imple"  programmes on 
computers u s i n g  L.P. and queuing t h e o r y  
- f o r  t e s t i n g  systems and s tudy ing  t h e  e f f e c t s  of  d i f f e r e n t  t r a n s -  
p o r t a t i o n  systems f o r  a  whole mine by s i m u l a t i n g  t h e  underground 
s i t u a t i o n  on computers. 
Todays development o f  s t u d i e s  f o r  t e s t i n g  e f f e c t s  o f  LHD-systems 
i n  c o a l  mines i n  f l a t  seams i s  s t i l l  on t h e  f i r s t  s t e p .  F i r s t  aim 
i s  t o  e v a l u a t e  p o s s i b l e  combinat ions  o f  v e h i c l e s  f o r  l i m i t e d  a r e a s  
and t h u s  t o  prove t h e  p o s s i b i l i t y  of  a t e c h n i c a l  and economical  
r e a l i s a t i o n .  
Some s t u d i e s  have b rough t  up t h e  main problems: 
- i f  t h e r e  is no major  change i n  mine l a y o u t ,  it w i l l  n o t  be  
p o s s i b l e  t o  u s e  d iese lpowered  t r a c k l e s s  sys tems  i n  c o a l  mines 
mainly  by r e s t r i c t i o n s  o f  t h e  mine v e n t i l a t i o n  system. German 
mine i n s p e c t o r a t e  demands a t  least 6 m3/hp min o f  f r e s h  a i r  t o  
g i v e  a s a f e  d i l u t i o n  o f  e x h a u s t  g a s e s .  The re fo re  t h e  c o n c e n t r a t i o n  
o f  v e h i c l e s  i n  a c e r t a i n  d r i f t  must  be  reduced t o  a minimum 
- e s p e c i a l l y  t r a n s p o r t - v e h i c l e s  must be c o n v e r t i b l e  f o r  be ing  used 
as pe r sonne l  t r a n s p o r t e s  and -dur ing  t h e  rest o f  a s h i f t  - as 
material t r a n s p o r t e s  t o  prov ide  h igh  e f  f e c i e n c y .  
The fo l lowing  s l i d e  shows one p o s s i b l e  s o l u t i o n  
Mnri.Ltraparfahruug fJr d.n Strinkokhbwgbu flA - A 10 (S) 
dr GHH S m  AG). 
- p r a c t i c a l  tests have t o  b e  c a r r i e d  o u t  t o  prove t h a t  t h e  b o l t i n g  
a n d c o n c r e t i n g t h e  d r i f t s  i n s t e a d  o f  u s i n g  conven t iona l  frame 
s u p p o r t  i s  p o s s i b l e .  F i r s t  r e s u l t s  are a v a i l a b l e  
The s t u d i e s  have shown, t h a t  t h e  use  of  t r a c k l e s s  systems f o r  
t r a n s p o r t  and d r i f t i n g  w i l l  be more economic than  a l t e r n a t i v e -  
t r a n s p o r t  t echno log ies  under c e r t a i n  c i rcumstances .  Thus t h e  
f u t u r e  s t u d i e s  have t o  show ways t o  i n t e g r a t e  t r a c k l e s s  systems 
i n t o  deep c o a l  mines which h e l p  t o  t a k e  t h e  advantages  of  t h e  
system and avoid  t h e  problems. 
4 .  Futu re  s t u d i e s  
Genera l ly ,  t h e r e  w i l l  be two main s u b j e c t s  o f  s t u d i e s :  
- mechanical  developments wi th  t h e  aim o f  making s u r e  t h a t  
mechanical  systems correspond w i t h ,  t h e  r e q u e s t s  o f  c o a l  mines 
and t h e  r e s t r i c t i o n s  o f  t h e  mine i n s p e c t o r a t e  
- Research on o p e r a t i o n a l  p lanning  and methods o f  developing op t ima l  
p i t  d e s i g n  f o r  use  o f  t r a c k l e s s  v e h i c l e s .  
Both d i r e c t i o n s  o f  s t u d i e s  should be combined t o  avoid  non- 
rea l i s t i c  m o d i f i c a t i o n s  i n  each .  
4.1 Methods for research into operational effects 
Former simulation models developed for coal mines such as 
simulation of the underground workings (SIGUT) or Belt and 
Bunker simulation( (BABUSIM) i.e. simulation of underground 
haulage systems) have proved, that the model-technique by simu- 
lation of workings on computers leads to quite sufficient state- 
ments about the behaviour of a system, 
The simulation of transport and haulage problems by transferring 
them into a symbolic, mathematical system and calculating this 
on computers allows an evaluation of probable effects of a lot 
of alternative solutions. The possibility of a "pre-election" of 
a few semi-optimal combinations of systems will help to minimize 
the cost for technical developments. 
For the evaluation of a simulation model for computer a number of 
requests can be given, such as: 
It should be possible 
- to study the effects of possible technical modifications of 
trackless vehicles on the underground workings, especially the 
layout of the mine, in order to reduce the technical development 
and the need for practical tests to a minimum 
- to give optimal strategies for layout and use of alternative 
transport and haulage systems by simulating variations of the 
number and types (capacities) of vehicles and the evaluation of 
- -alternative-organisation systems to an existing or future mine 
- to examine the results of the use of different haulage and trans- 
port systems in an existing pit and thus give hints for the 
optimal layout of future pits 
- to find "bottle-necks" in systems and to develop methods to 
avoid them and 
- to find and evaluate possible methods of reducing costs in under- 
ground workings. 
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4.3 Some dispositions for a simulation model 
Considering these requests a number of dispositions for a simu- 
lation model can be given. 
The first step is to develop a kind of flow-sheet for estimating 
the material flow in underground workings. The aim is to check, 
how much material has to be transported to which points in what 
distance at what time, thus to evaluate the necessary number of 
transport units. Main restriction will be the need of fresh air 
for dilution of exhaust gases, but also the width of the drifts. 
From this data can be derived what will happen if you change the 
capacity, the speed or the engine power etc. 
One of the main problems is to evaluate the optimum width of the 
drifts. The following diagram shows the relation of some 
influences: 
The minimum width of a drift is roughly given by its utilisation 
and the amount of air to pass through. Considering requests of 
low ventilation costs, a wider drift is better as it will have a 
better resistance characteristic. Furthermore, rock-pressures must 
be considered to find out the future convergence of the drift. If 
the size of the vehicles suits for the drift, consider whether 
there is enough ventilation for the engine. 
I f  t h e r e  is n o t ,  e i t h e r  a less powerful  engine  must be used 
- which l e a d s  t o  less c a p a c i t y  o f  t h e  v e h i c l e s  - o r  t h e  
v e n t i l a t i o n  must be improved, which may l e a d  t o  a wider  d r i f t .  
I f  t h e  l a s t  s o l u t i o n  s h a l l  be exc luded ,  t h e  problem i s  t o  f i n d .  
o u t  what e f f e c t  s m a l l e r  u n i t s  w i l l  have t o  t h e  underground 
workings. A sugges t ion  of  t h e  problem may be der ivedf rom t h e  photo,  
which shows t h e  c a p a c i t y  of LHDs w i t h  d i f f e r e n t  bucket -s izes  
depending on t h e  haulage l e n g t h .  A combination of a l o a d e r  and a 
dumper proves  t o  be more e f f i c i e n t ,  b u t  t hen  a number of  c o n f i -  
g u r a t i o n s  f o r  l oad ing  t h e  dumper must be cons idered .  
All organisation must be checked and converted. This can be 
done by using a simulation model. The problem is, that simulation 
will not lead automatically to an optimum but any sub-optimal 
stage. To avoid that it might be necessary to use other 0 . R . -  
techniques in combination to simulation. 
5. Summary 
These statements should give some hints to the aims and ways of 
research into the effects of LHD-equipment in coal mines. Due to 
the complexity of the subject some aspects could not be shown as 
it may be necessary but at least I hope I could give you a general 
view of the studies going on. 
ORGANIZATION AND MANAGEMENT PROBLEMS 
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'and s c i e n t i f i o  generalization t ! ~  u s a c e  of  'tile SIC7 cor:cci>:;ion 
tghicit has becn fo rmula ted  a t  I I L i S i : ,  
Tne, pin of  titis conccpt; i s  t o  improve t!le sti-ntccyy or' 
t e c h n i c a l  p r o p e s s  c o n t r o l  i n  the c o ~ l t c s t  of r ; l ~ e  o r p n i z a t i o u  
and s o c i a l  p r o p e s s  c o n d i t i o n s ,  A f t c r  i ~ l t r o d u c i n , ~  SO== . 
.\,.*cl? T r c  31'0 act1:=ilLj' 7:0-.--i n e c e s s a r y  s u p ~ l e ~ n c n t  s ,1'011 '-'" ..-RE,' 
this concc2t  may bc v e r y  c s c t ' u l  i n  f o m u l a t i n ~  t k s  j c z c r a l  
p r i n c i p l e s  of thc ecoao1:lic s y s t e x  dex-elopnlc:~t, 
2 /  To ;>,i : the  c S x ~ i d ~ y z t i o 2 ~  o;= t 1 1 , ~  >rcli:-i::=-:- s crl- ..= z.: ;.:o,-!cs 
, > -  
t o  tile , - , rodcet ion ac~ i \~Lr; : -  ax;: z o  t i r c  ~~;l ie:- : -  i T~.-.- ., _1 . 
r. : :~~z-icr:ce csc;i,ance in tile scope of or;-=ization solutions 
2=L cs~ccially sxch ones as the computer systens which 
~ u ; s " ~ ~ t  the n:;~?agenont of a colliery ' f i n s c d  on the data 
5ai.-;< ~ c c ' ; ~ o ~ o ~  and on thc usage of ttlicroprocessors and 
c,/' claboratin~; msthods for intcnsif ication of curzont 
expcricnce aschmge as well as the work rosults in the 
scope of aaza~e3ent organization and conputer science 
. . 
T . .  
a~thin tile third group of problems we suggest to get into 
i;=1.1-:1 xi th the International Ins titu to for bl'arago~nent Probleas 
Fa :.;o=cow as well as tlie w o u p  of raseccrch workers from 
- ,.-- -  I c=:.i Prance worlcine on similar subj cc t -ma.t t er , 
y . . -  ..:--* 
..., ,., .:cation of tho assurned Studies conce?t. Tt?,eoretical 
-------------.------------.-.----...--.---.-.--.--------. 
sLtuncion ctp~~ror-.c!i xnd the dovclo~od SIOT - as a basis 
--------------- --..------------------.----------.----- 
for t l ro  cor:dac tccl roscnrch ttorlis. 
------------------------.------- 
-'.c.c::c nany prosant trends and schools of n a r ~ z ~ ; e m ~ n t  o r m i -  
zzz-'-on 'i;:cor)- t~ro a--c worthy of notice: tl~c systr-m ~ n d  
2 : : ' ;  i--:cncy a?p-onclrcs. 
, . , -"'-"s LA, , -  of tl:c system sc'l~ool'nnd thc rcsnlts obtained 
. . -  
- .  . . -._c ~ s i r - ~  thc clzboratcd ~titllin its frrrncwork no Llzods 
L-I! eacirni~l~cs have bcen widcly described in literature, 
- - 
. -Po- 
..._.., ,,s ti19 co:ltinpncy a2proach is conparntivoly a ncw 
approach introduced to studies and d o s i p  of management 
organization, It makos the assuruptions of differentiated 
onvironmont influence on difforent eoononio systems which 
in turn cause tho creation of' different o r o z a t i o n  
struotures, styles of control and tho differentiation of 
organization climate otc. 
Authors presenting this approach recommend to study the 
rnana~ement as a defined organization in the context of 
individual /situation/ conditions and factors of its develop- 
ment, 
This approach is characterized by great empiricism and has 
many advantaces , 
Tho research workers -lay a stress on the practical aspects of 
tho o r m z a t i o n  study and dosign, Besides this approach 
facilitates the analysis of a defined organization as an 
individual sys tern. 
* V r . .  . .  
Within this approach man>- studios have been undortalccn. 
The results of these studios contribute greatly to the. 
organization theory only to mention the works of J.;ioodrrard, 
T-Burns, G,N. Stalker, P,Lawrence, J.Lorsch and the works 
of K,Dokt6rss group /poland/ and others, 
As it already has beon said the study trends creatin~ 
the present state of orpization and management theory 
formed mainly in the USA have ap-t from its scientific 
value defined political and apolo~ical goals, 
C 
Tlzat is why ti~cir transfer to the planning econolny conditions 
of establishments in the sociaristrc-*corntries calls for 
critical analysis. 
G,Gwiszani hns made a very detailed appraisal 2nd critical 
estin~atiori of those approaches assuming as a basc of estimation 
/ 
tho differelltiatad dovelopmcnt conditions and the goals of 
eatablishmant functioning in the system of m a r l c e t  a3d plznncd 
eoonomy. He has also defined tlie basic principles of tzans- 
fering the achievements of those approaohes into the rn~ulage- 
ment organization theory and practice in the socialistic 
Very interesting is the concoption proposed by E.Ir.P.IChandwallc1. 
X t  deala with the simultaneous .system and contigency e.pproac11 
gr rather the development of the contieoncy approach by t h o  
nathematio modelling techniques and the choice of ratiomd 
solutions etc, that are characteristic for tho system approach, 
The model and the study methods presented by Plr,P.Khand:.Ialla 
. - 
;Ln his work "Design of Orgxmizations" are very interesting 
for studying the management organization at coal nines. 
Basing on the approach which includos those two schools 118-has 
conducted studies in 103 Canadian firms and in 79 Amcrican 
ones , 
The obtained results aad especially those conccrnine the 
practioal recommenclations . . and the techniques of management 
- .  
and organization desiw on, tho -establislunent ievol causod 
that a group of specialist from Polish research institutes 
and from IXASA took an interest in the study rnctllods used 
We have considerod the concept of developinc the methods 
used.by the author for the purpose of the comparative analysic 
of coal mines, Up to now we have elaborated, toeother with 
t h e  rWSll apeoialists, a preliminary vorsion of questionnaire 
for doscribing the coal nine m a l c i n g  allowanoes for the 
variables which characterize the management syjtem of 
a colliery. 
The next element in the conception of our studies is the 
assumption and development of o specific methodologiual 
base so called SIOT. 
As it already has been said this conoept was developed 
at I fASA and accepted as a methodologicul base for the 
purpose of improving tho strategy of technical proposa 
control in the aspect of o r m z a t i o n  prowess conditions 
and changes of staff qualifications, management style, 
motivations etc, 
Developing this concept and especially adopting it for the 
purpose of organization study by means of management of 
a specific economio system, a colliery, for example, and 
basing on the contigency approach we have developed a nodel 
. .:. ' 
for orwization study, which we have called "the developed 
SIOTn, In this model /fig.l/ wo have assumed that eacp 
or@zation /a colliery/ is characterized by speoffic 
variables that distinguish it from the environment. 
The basic specific variables of an organization are tho 
f o 11 orfing : 
- the structure of organization p a l s  ~Jhich especially take 
b t o  accouit-the relation of social goals of an organizat.! 
to its individual goals, 
- I ~ u m a n  lcno~?ledgo and tho relations occurring betweeen 
-- 
its elements cunulatocl in tho system, 
- i .zla-l;ioll  systcm between the Icuorslcdge nodizi as well as the 
rclz-tion be tween the Iu-io~~led~c media and tho orpnization 
4 , , - .:;12 st:-ucture of or{>llization coals, 
Different organizations have differentiated structures 
and goals. The diffsrences are especially notioeable in the 
m t u n l  relations between the individuil system goals, profit 
ctc, =d the social goals, v~lxich are noasured by a ratio of 
social cost of functioning and development of or,-anization 
to the social profit that is elaborated in it, 
It is very inportant to considor the "success" of an 
establishment in two m a 1  catemries, 
The stfuoturo of systen .goals is a base of the systen 
development npp&isal. 
2, Cumulated in the systom liunan lcnowled~e and the r.elations 
occurrin~ between its elements, 
Soeningly similar produotion plants in point of equipment, 
tochnoloey usecl, the applied production o r m z a t i o n ,  sinilar 
staff structure etc. achieve different results. It betrays 
tho speciffo quantity and quantity characteristics of ctunulntec! 
. . 
. 
in them knowledge. 
Ye assume as a base of classification of this knowled~e 
a differentiation of subsystorus creating a dofined economic 
o r d z a t i o n .  The subsystems are: technological, social and 
organization, the relation botween the sooial system and 
the others as well as botween tho environment and the relation:. 
within the sooial system which are: the teclznolo~ical,socio- 
technioal, economic, organization 106x1, and erconomy 
Aooording to the assumed definition we will doscribe tho 
technological howledge as a reflection of mal relations 
system which occur botween the material elements and enerr;. 
This relation system creates instrumentation /devices,tools ctc 
and a dynamic str- of proper evonts-defining ego a techno- 
- .  
loeoal string, 
The' organization lmowledgo represents the system of relations 
lrhioh ooour between tho work prooesses roservos both the 
produotion prooesses and the information-control which appears 
in the direotivee of efficient action. and their u s a m  what 
leads to the inorease of system synergy, 
Great pzwt of the system knowledge, especially the tecl-~nolo- 
e c a l  une ltas been materializecl into isomorphic schemes i.o. 
into +nstrumentation and its goal strines /technological 
strings/ - hardware. 
Part of the nKnowlede;e" especially the o r m z a t i o n  and 
. . ,. 
economio one is projected into homomorphic schemes /orgaxriza- 
tion struoture of an establishment, standards instructions, 
scope of aotivity etc,/ - orgware. 
The remained part appears ix i  EL classical f o m  of knowledee 
and rexainrr in the mind of the partiaipants of vorlc processes - 
software. 
It has been assumed to call this knowledge hardware, orgvare 
and software, respectively, 
Such a differentiation is in our opinion purposeful for 
creating a concept of studyine the organization in the aspect 
of analysis of technical progress.dynruuios - . interaction 
. ___-A 
/hardware/ on the organization prowess /orpare/ and chaugos 
in ~r=carcncos of ccn needs their qualifications etc. 
/soct::~~-2.2,l' , 
TccikaLc=l dc-,-ices, teclmolo~ical strings etc. arc called 
1iardr.r~:-o x c b i n  ; or,.;anization st-nlcture, instructions, 
sta:c?az.Cs, f o ~ ' ~ ~ a l i z ~ d  procedures etc. arc called o r m a r e  
~nodia mli! the participants of work processes - staff and 
manacors - software media, 
l?c tax assume that: the voluma of linowlod~e contained 'in the 
system is the function of quantativc and qualitati-~e 
relations betV;cecn its ctodia. 
Uncloubtedly tho size of soft.tvaro depends on tho amount 
of staff and their qualifications, on the managerial staff, 
orgrare volume as well as the v o l m e  and quality of the 
fornalizcd relations cvld procedures creating the production 
organization aid rnana(fenont organization. It concerns all 
the more the quantity and quality of machinery and dovices. 
Ln our opinions, the volume of software, o r w a r e  and ftzrdwart 
is an essential feature of thi somegated category defining 
the systom, 
3. Relation systern between tho lcnor~ledgo m e d i a  and the 
organization environment, 
7 
Each systec /organization/ Is clwactcrized by specific 
ratio of includod in it potential Icnowled~c to the really 
n s e d  ones, Tlie measure of this ratio is the d e p e o  of 
ormnized sys tcm /or~;~~nization/, vrhich beeing positively . 
evaluated can Le referred to its synorgotic effect deveo. 
Tlze system of mutual, colloctlve and qualitative relations 
botrreon the howledgo media in the system, and first of all, 
between those media curd the environment is a specific feature 
of pn organization which distinguishes them from the environ- 
mlant and allows to talk about the next componont of the systo~n 
* 
size. 
. . - .. - . - - . 
Tho greater the knowledge i n  the system is, and the groator 
ia the synergetic effeot between the relations and the know- 
ledge media, the effect beeing the function of the system 
oompaotness,~the greater is the system influence on the 
environment and the system is bigeer, 
The system /or@zation/ compactness is shown up in the 
"preoision" of relation 'between hardware, software and 
Be say that the organization is compact if in the mutual 
rela.tion8-hardware, software and 0rgwa.x-e there is a lack 
of supraevent connections, 
, . . '  
In the eanomio organizations of such a type as an ostablisl.1- 
ment, for example, there is a predominance of relation3 
between hard~ra~e, software and orware which are appraised 
positively, 
An assumption of'functional, proportional connection of 
compaotness with the synergetic effcct is drarvn. 
The mentioned three var.iables of a system decide on the 
measures of the system appraisal are - the systern size, 
its success and developmont, 
t 
4t present there are no sinultaneous and conpaPative variants 
of system evaluation /we have in:mind,especially the prodvfi-n 
Ti:c c s i s  ting uczsurcs ee. _nroduction eff cctivcness /tile 
pl-oli ' :  Y ~ ~ L L ~ I C ,  prime costs, productivity etc/, systcm size 
/'n~l.:>cr of exlplopces, production volume, value of fixcd 
r l t s o t s /  otc. cover indirectly and not identically in tl~caning 
azd due to this insufficiently comparable relation featuras 
bc:;:-ocn 'ihc three distinmished components, specific variables 
o r  il syscem. 
In _nrctctice, hov~ever, tre use the qualitative, heuristically 
d e t c n i n c d  and understand measures. 
T:'e sag, for example, that'a given system realizes "better 
or worse'' the social goals in irrespectively of the evaluation 
.. , 
dogroe of its own individual goals. 
!?e are able to ovaluate in eeneral the system size, its 
nbilitp of perf onning defined tasks, the ability of innovation, 
of talcine; risk etc. 
Having not yet sucll an approacl~ which would offer a full set 
of system measures which could .characterize entirely its 
. . 
variables for t1i0 purpose of our initial works rve use 
a simpiifi~d model, 
In this raodel we use the generally usod measures of size, 
effectiveness and:the volume of hardware, orware and software. 
Such an approach has been usod for determirllne the effect 
of aide size on tho mrrnn~emont capability by its managerial 
st,aff . 
In the presented model it is a trial of determining the 
rclations betweon the volumo of hardrfare, orpare and software 
and tho system of the interrelation of those variables and 
the enviromcnt . 
According to the prosented in Elarch detailed researcli 
plan and the methodology we have done the following worlcs: 
I - literature study in the scope of now approaclies 
and methocls ooncorning the rnana~;ernent organization 
study and desip, 
11 - development of a dotailed plan and study schedule, 
I11 - choice of detailed work methods, 
I V  - oonduoting the firt part of studies in the scope of 
recopition some relations between the colliery size 
and tho situational variables which form the managenelat 
capability. 
The studies reforred the r e c o ~ i t i o n  of some relations 
between block 1 and 3 as well as 2 and 3 /fit. I / .  
. * : 
The choice of: these relations deperided.pxi actual possibilitie.' 
of precise description assumed for variable c-oi~siderations. 
The preliminary work results have been prosented on the June 
seminar at IIASA. 
V - carrying out the next stace of works in the scope of 
recognition the structural dependencies between tho 
'variables describing the organization structure in collie- 
ries. 
the presented in ;.!arch work method we havo assumed the 
Loving procedures : 
1, i)ivisiou of the analysed collieries collection i n t o  
ho~:~oge~~eous clnsses, In tho set of variables, that w c  
have assw~ed for tho purpose of e;rouping the co1lie1-ios 
we have foreseen the need of taking into account the 
variables differentiated dcpendin~ on the environment, 
differentiated sizes describinc the teclmoloey of the 
social system as well as variables describing the 
o r e z a t i o n  aspects of the studied collieries, . 
2. For defined homogenaous.p=roups of collieries which are 
also characterized by similar d e m c e  of o r m z a t i o n  
according to the presented concept and similar conpactncs 
degree between hardware, software and orpare lie have 
proposed to consider tho individualized,in respect to 
given colliery,groups tho works dosimed in the scope 
.. - 
of improxring the management organization system. 
3. We have assupled that the works will be carried out 
according to prognostic approach i,e. defining for 
different groups of collieries some ideal /pattern/ 
variants and adopt then to the actual possibilities 
defined by the relations krardware, sof twnre and ore;rfare, 
The presented pi.ooeduro required some additional works, 
namely : 
a/ carry in^ out works in  the scope of precise description 
of different variables concerning different media of 
hardware, soft~lriwe, orgwiwe and the colliery evaluation 
coefficients; 
b/ developing the detailed concept of studios in she scope 
of block 3 /fi6.1/ i.e. dcfininc the concept of its 
o r m z a t i o n  structure, compactness in tlie aspect of hardrlraro. 
software and ormare integration. 
c/' defining tila essential structural relations described in 
literature as the o r m a a t i o n  structure conditions, 
We have adopted for the study purpose the concept and method 
used by IC,Dokt6r research workers group from the previous 
Institute of llanagement Organization - Polish Academy of Soiences. 
At present this conoopt is an expansion and adoption to our 
oonditions, an approach Icnorm in literature as Aston Group 
method, 
The development of this conception and adoption of it to the 
coal m i n i n g  required the preparation of special questionnaire. 
This questionnaire is presented as an enolosure to this paper, 
The works that are at present carried out in the coal mining 
industry are an expansion of IC.Dokt6r's group etudios. For 
example, the structural activity in a colliery is considered 
according to five basic management functions and analyse 
the factors facilitating and ualcincj difficult the function 
aooomplishmen t , 
The studies that will be carried out according to tllis 
questionnaire include all our deep collieries. They also concern 
the o r m z a t i o n  structure understood as an arran~ement of 
o r ~ z a t i o n  elements /treated according to custom, in a form 
of so called orppnization scheme/ and as an arrangement of 
institutionalized sta~~ards.of procadure, 
- structure size i,e. confignation, ~ e ~ r a l i z a t i o n ,  speciali- 
zation, standardization and formalization size, 
- coxpac tncss  wi.tllFn individual sizes having re,-ard to tile 
!::irec s ~ . a z ~ n t a l  relztiol:: !lard-.faro, software and orgiare, 
I 
- c l l e  de~?eildcnce studies between: 
- envircn;qsnt rad structure, 
- tasks and coals of or,wization and structure, 
- variables describing the quaxtity and quality of hardware, 
software a d  o r p k r e  media and the structure. 
Thc studies according to the presentcd clcostiomire have been 
carriod out in five collieries. 
I:oreover,' the lnethoci of research results synthesis iras been 
devcloged. 
.. . 
It includes thc f ollowin~: 
- factor cmalysis, 
- statistical methods, 
etc, 
Ye assc.ne that up to the end of the first quarter of 1980 
we ifill carry out studies in all the collieries and wo will 
dafine the final conclusions in tilo scope of: 
- differentiated compactness of organization structures of 
colliories, 
- their diffcrentiated conditions. 
.~~rtllcrno~o, we will conduct a t~xonor!iy of our collieries into 
houogcneous classes which will considor also tho d e w e e  of their 
VI, Studies on the evaluation of the state and usago of the 
co~zputer systems implemented in the collieries within the 
so called computerized nanagernent system have also been 
cond~lc ted. 
'me rTc sc ; l i ;  d c ~ e l o ? : : ~ o ~ :  t stage of the ind:.~ stria1 clli  cr;>risc.s - 
includii;~ collieries is c::-rrnctorizcd 1)': 
I /  ac~-elopc~e~~t of ontcrprisc nana~e!;iant s2llerc with clc?.?.,--iy 
de f i z c d  ciirrerentiatad coclputer scionce - decision processe5 
within which the explicitly formed management functions a r e  
accomplished. 
2 /  distinct increase of :alowlcdge included in all types of its 
media beeing the resorves which take part in tho computer 
science - decision procosses. 
Together with the co~nputer science progrcss a considcrablo 
increase of lzardxare for the management system nay bc observod, 
3/ differentiated and cornDlicatod interrelation occurylsg 5etrr.con 
hnrdrrare , sof twaro and orpmi-e i'ox* the mculagcmen'. s?i=crc, 
The differentiated and complicated character of rclaiions 
be twoen bxcl:<are, software and orgyarc rnarm~e~~icn~ s_r,here 
speaks for the fact that up to nor*. tile colr!pur;er scie;lce 
inf fuence on tile organization s tructuro ~cana~enelit s ~ y l o  
h s  not bccx yet defined, . 
4/ The creation of the objective purposeSu1 necessity of inte- 
~; ra t i nc  t i lo nauncexetli; splxerc of sof k ~ . r a r e ,  hardxare ~ i l d  
.A zs>cclall;~ esse~~i;i-.l cienexii: 01' tllc wnolo orcT,:cre 2 s  - 
sys ten dcvelopncnc , 
In t h o  al:~l:.rses .cC thc czr;putcr sciezco soir~tio:~~ usace 
for the , ..,,._ I- F-. ,: -.  .. s =.., - -  -- -.ill-:>sac 2!lc i m ~ ~ i l a l  =on-ad jus.t..t3cnt of C O ~ ~ I U ~ C ~  
syst c;.:s 7;3 t l i ~  o z - , z : ~ i ~ a t  ion structu~c i:~ ;h.i.~il tiley f uilctSon ,and 
. . 
to qu~lificat.~ons as :;cil as patteras of co~aputcr systcins user 
bclm=.riour is of c en c,::;>hrs-zzd, 
- eei'i.~--j-- - td t h e  Liffercrtia1;ed i.nf*on?.ation needs and f a c to r s  
. . , :~ lc : r  . b=.l .n~ ribout tl:c z e c r l s ,  
- dc:'-: - ins *:he facsor  s tilat inf  l3~or ,ce  the ' individual needs 
-.. .,::;I-in - t h e  f orz?-lizcc! s::s A 
- ~ r ~ z l y s e s  of diffcrcr l t  c s e r  poups  i n  the aspect of d i f f e r en t i a -  
t e i  conputcr science needs e tc .  . . 
TIzc stcdy has assur~ed a t l iesis  of system so lu t ion  u z f i c a t l o z l  
i n  the computer science m d  individual  meeting the differentiated 
- * 
?,-..c ctcdics !lave t o  cozsider the broad contest  of the r e l a t i o n  
s e t  not o-rly bnc - , . r e en  tzxrdwcce ,  soft-dare and orgvare but a l so  the  
r e l a t i ons  1 - 3 ,  2-3, 3 - onviro&i~ent. / f ig . l / .  
ilie works of w h i c h  r o s u l t s  a r o  p r e ~ e n t e d  i n  t h i s  paper concern 
a small s e t  of these r e l a t i ons  but the m a i n  purpose of them 
was t o  answer tho following quest ions : 
- 4-12 :;hat ci5cree do tho kplernentcd at c o l l i e r i e s  systems 
~1.:-gor t tikc nana,ycneni; q , - s  t c r~?  
- I G ! I ~ C V  ,c;:oi~ld be Lone not- only i l l  the scope of tile fu tu re  
co;::pf-cr so lu t ions  Flr ordcr t o  rnn!ce tho f u l l  usage of thc 
coc7~*.tor systcns advantaces? 
z ~ c  s tudies  have been car r i ed  out i x  e icht  coal  mines, They 
co1.-cerncd 1'7 cotxputer systems and covered the representa t ives  
of all'tho user maups. 
Some results are shorrn in table 1.2. 
functions which are facilitated 3y the co!iz~~tor 
sy stcms b ~ p g o z t . ~  2': collieries, 
1 3. Organization 
1 
"xypo of function I ,  total in per cent/ 
I 4. Coordination of the undertaken ao'uion 
1. Ilotivation and the aotion 
stimulation 
5. Supervision and control of the l- 
27,9 
( undertaken aotion 1 39 ,5  
2. plallrril.IP 
6.  None of the mentioned funotions 
I from 1 to 3 
I 8. Data processing 
- - - 
10. Automatia decision making 
11. do not facilitate the preparation I 
of materials for deoision making 1 2595 
Table 2 
------- 
Statenont of raspondents appmisals conoexdng: 
1/ oolliery goals, which attaixzxent ib faoi l i ta ted by the 
oompater systems, 
2/ hportanoe of' information fo r  management effioienoy+ 
Parthermore may detailed infomation have been obtained in 
t b  scope of the - e ~ a r i t S i n a ~ u d i n g  shortcaaings of pa r t i auhr  
computer systems that are  used a t  collieries. Many suggestions 
a=ld co:r=lazts co~lcorzir,,- *heir in?ro+reaent Ifere collected. 
3b scope of tkis subject - matter our works are conoeatrated 
a: 
- devolopi= thc "3scriptccrs catclogs=e of a coJ.liery. 
- p o r ~ z -  the g~est ionaaira  fo r  tho comparative studies 
on the c c z ~ t ~ r  S C ~ O E I C O  application i n  different oountries, 
- prep=* the ~ e s t i o m i r o  f o r  reco,=izing the data bases 
r:::ich a-3 crcztod b 31;o Z C I ~ ~ ~ G ~ E I C Z ~  s73t03s in the m f n -  
1. colliery goals 
1.1. main goal la  




2. type of 
information 
e s s e ~ t i a l  
hfonaatian 
to ta l  
/in 




1.2. part ial  goal 
i 
I 
8 7 ~ 3  2.2. essential 
infoImation 
2.3. inessential 1.3. -go goals - 
I iafolaatiori 13t9 
. .- . . ----: ' " s t . -  Ccxa-eso h ksta&uJ. azd the n T O  CoaL 
: .. i "--c - -  
-a 
. . 
. . . .  .--- - -  
. .-.-.., L x.:at;odce, the very importcnt meetings of the 
-.- 
, - -  .:..c,-.=f; rforlcers and pract io ians ,  whioh took plaae in 
-. - 
.-.?-:zi t h i s  year have confirned the need of developing the 
.-..- - ,-.-:-=a1 s c i e n t i f i o  oooperation Fn the-  aoope of ooal  m i n i % ,  
- . . . - . 
... : L. such f i e l d s  as: 
r- . ., -.--, . ,&atfan, uanagenent and ecoaomics Fn the m i n i n g  industry, 
-- . A-.EAf t p~ogzam and the contr ibut ion of Pol ish  researah . 
i = ~ t L t u t e s  i s ,  in our opiaian, a good answer t o  meet these 
--_ - - C\ ;=.oposod by- the  Pol ish  research i n s t i t u t e s  work cyole 
-.:  .ti.2 th ,e IIBSA p r o m  c m o e x n h g  the problems of managenexit 
-. -- 
.-.,, c ~ ~ u a t i a n  in the m i n i n g  indust-ry i s  acoomplished 
~ ~ c o f i ~ n g :  t o  the basio plan-; 
:.zL:c carrying the works new problems limiting the de t a i l ed  
~ z > z - ; ~ G ~ s  C& the aooepted m b j e o t s  o c m e d .  
.:z :. , h s  been presented in this paper we work on those 
.- . , l:l .ozs as well'. ' 
. . 
- .. . - - - 
- - . .zr, :re look f o r  close ooXaboraticm with other  o o u n t r i e ~  
- . -  L.. I::.j field of nramgement and orge.dzation, 
.. - 
:i :=.> szr-o t b t  tho coopertxtioa this f i e l d  w i l l  develo? 
.: .:-.J szze - . y  as in the problem of teolrnologioal aspects  
.: =caL a-.

S c l e c  t cd problems and research ne L l ~ c r l s  o:C ;:ile 
' . .  - .. 
; ; l . i s~ i  ;nir_ing industry re1eva:lt to tile -~-.:S.i 
coai stcdy. 
CP-79-11. La.~enburc, Aus t r i n :  In t o r n a t i o r i l  
hsc i t - ~ t  e for ApyliecI Syster::~ ~lnalysis. 
- Ce~ld!~or is l i i  J . ,  Stachowicz J . ,  Straszd: A ,  /19'79/ - 
.. . 
Scale of collieries and their TOP-level managcl:~enf 
capability in the Polish coal mining industry: 
recent results .  
CP-79- 12, Laxenburg, Austria: International 
Institute for Applied Systems Analysis. 
ENCLOSURE 1 
C O ~ T E R  INSTITUTE OF THE MINING IM>USTRY 
QUESTIONARX 011 aESEARCH Ohp THE 0RGAXISATIOIU.L STBUCTUBES 
IN m COBL hams 
1.- Mining area i n  square kilometer 
2.- Industr ia l  resources of the  mine i n  thousand tons 
3.- a n e  capacity with regard t o  the shaf t  transport i n  tons/24 h o u s  
6 
. . . . . . . . . .  
4.- Number of sections . . . . . .  
5.- Number of production levels;  
. . . . .  8,- t o t a l  
. . . . . . . . . .  be- production l eve l s . , . .  
. 
.......... c,- a t  the f i n a l  production capacity 
.......... 6,- Deepest coal production leve l  
....... a,- actual  
7.- Output per one production leve l  
8.- Number of access giving s h d t s  per t o t a l  mining area 
9.- Number of coal extraction shafts per t o t a l  mi- area 
10.- Number of hoisting devicesr 
1 I .- Average depth of ehaf'ts 
.............. 
12.b Average exploitation depth 
13.- Average output p e r  0r.e shaft 
. . . . . . . . . . . . . . .  
1.4.-  'Jhat i s  the number of  s tap le  s h a f t s  
. . . . . . . . . . . . . . .  
15,- Yifiat i s  the  nunber o f  seams; 
a,- t o t a l  . . . . . . . . . . . . . . .  
be- actual ly mined . . . . . . . . . .  divided into: 
- inc l ined 0 - 10 degrees . . . . . . . . . . .  
- incl ined 1 1  - 35 d e g r e e s  . . . . . . . . . . .  
- inc l ined 36 - 45 degrees . . . . . . . . . a ,  
- incl ined over 45 degrees ........... 
cow actually mined divided w i t h  regard t o  thickness; 
.. - 
. . . . . . . . . . . . . . . . .  - a b o v e 3 m . .  
d,- aotually mined with following hazards; 
- w ~ t e r , . . . . . ~  . . . . . . . . . . . . . .  
............. - gas a d  rock outbur'sta 
- se l f - i  gnit ion of aeams - ............ 
16.-Average thickness of beds i n  cm 
17,-  Huber of  main loading points 
18,- Average distance of loading point from the extract ion shaft  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
19.- C o a l  extract ion from one loading point in ton8 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
20.- Length of tunnellings: 
. . . . . . . . . .  b.- d i s t r i c t  tunnellings 
21 .- Length .of  transport roads of gotten: 
22.- Lelytb of transport roads of materials: 
23-0 What is the main kind of transport i n  the miner 
............ a,- wheel transport 
......... b.- bel t  conveyor transport 
............ c.- mixed transport 
24.- Average concentration upon the un&.erground transport roads 
25 e Capacity of the Cqal Preparation P l a n t :  
. .  
.............. a,- a t  present 
26.- W h a t  i a  the mining. system o f  the mine; 
a 
............. 8.- c o n ~ ~ t ~ o n a l  
. 
............. b.- four ahifta '  
27.- Number of underground d i s t r i c t s  i n  the mine: 
8.- t o t a l  . . . . . . . . . .  '. ...... includiw: 
............ - productkon '. 
.......... ... r development .' 
. . . . . . . . . . . . . . .  machine 
-electric . . .  L . . . . . . . . . .  
28.- Coal output per one d i s t r i c t  i n  tom:  
. . . . . . . . . . . . . . . . . . . . . . . .  
29.- Humber of production faces: 
t o t a l  . . . . . . . . . . .  including production faces with 
. . . . . . . . . . . . . . . .  powered supporta 
30.- ~ G b e r  of eec t ions  with powered supports: 
. . . . .  a,- . longwall  type (and coaL ploughs) 
................. b. -beadingtypd 
32.- Ember  of conveyors; 
............ a,- heavy duty,  scraper  type  
b.- .Light, scraper  type  . ;'. . . . . . . . . .  
33.- Leng-:h of exp lo i t a t ion  f r o n t  i n  metree . . . .  
34.- Averrrge output pe r  one production face:. . 
. 
. . . . . . . . . . .  b.- with powered supports 
35.b Percentage. output by systems: 
. . 
. .  a%-'caving ................... 
b.- w i t h  stowing ..~................ 
do- production jobs . . . . . . . . . . . . . .  
36.-Average t o t a l  advancement of the  production face: 
. . . . . . . . . . . . . . . . . .  8.- t o t a l - .  
. . . . . . . . . . .  b.- with powered supporta 
37 .- Average, percentage of contamination i n  got tent  
38.- Total electr ic  power instal led underground 
. . . . . . . . . . . . . . . . . . . . . .  
39,- Average nunbbr of employees in the izdustrial group suk- 
divided into  groups; . 
. . . . . . . . . . .  a,- production group 
. . . . . . . . . . .  b o b  development group 
c.- other mining group , , , . , , 2 s . , 
d,- energetic-machinery group . . . . . . .  
e.- remaining group . . . . . . . . . . . .  
40.- Labqur consumption in transport - in maashlfta/l0.0C~ tons: 
a,- gotten . . . . . . . . . . . . . . . .  
- . . - . a .  b.-materials ... ,". .......... 
41 ,- Labour consumption in the maintenance of excavations in 
manshifYa/70,000 tons: 
42,- Labour consumption in the remaining works underground in 
rnanshifts/10.000 tons 
43,- rJ.umber of automated links in the production process (by kizlda) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 ,- Year of the rcine e r e c t i o a  
2,- Bas the &e. been: 
a,- taken over  from a f o r e i g n  c a p i t a l ,  
be- e r e c t e d  i n  Poland in i n t e n v a r  per iod ,  
c.- e r e c t e d  i n  t h e  P o l i s h  ~ e o p l e s '  Republic,  
3,- Zsa t h e  p re sen t  mine come t o  ex i s t ence  as a r e s u l t  of rnerging 
with oth.er rcinee: - Y"LS 
. . . . . . . .  ,If so ,  quote  when a d  w i t h  what o the r  mines ; 




. . . . . .  . . . . . . . . . . . .  c.- f ina l  ', 
5.- Types sad c l e s s e s  of c o a l  i n  t h e  mine i n  1978; 
. - 
a,- t y p e s  of c o a l  i n  thousands t o n s  . , . , . 
b,- c l a a s e s  of c o a l  i n  t h o u s a d  tons  . , , . 
6.- Value of  perxanent a s s e t s  i n  t h e  mine i n  m i l l i o m z l o t y s  as 
per  1.01.1979- 
. L. 
t o t a l  . . . . . . . . . . . . . . . . . . . . . .  
* 
i n c l u d i n g  product ion means ..' . , . , . , , , 
7a. Number of employees as pe r  1.01 .1 979 ( i n d u s t r i a l  group) 
a,- underground , , . , . , , , ,'. . , ', . . 
7.- Xunber of  employees a8 pe r  1,01.1979: 
J' . 
" .  t o t a l , ,  . , , . . , , , , , , . . , , . , . 
i nc lud ing  the  i n d u s t r i a l  gboup .- . , . , . , 
- 1 1 3 -  
8.- Yihat nunber of employees are improving t h e i r  professional 
qualif  icatioris? 
t o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
including: 
. . . . . . . . .  - ~n'~-post-~raduate,  doctorate's - courses 
- on higher s tudies  of I and I1 degree . . . . . . . . .  
. -  i n  secondary schools . . . . . . . . . ' . . . . . . . .  
. . . . . . . . . . . .  - i n  prinary vocational t ra in ing  
- i n  other t ra in ing  ( inclusive courses l a s t i n g  more than 
........................ -3montha) .  
9.- What is the  number of employees as per 1.01 .I 979: 
. . . . . . . . . . . . . . .  a,*- post-graduate einployees 
including engineers ................. 
......... b.-@ empioy ee i  with secondary education 
................ including. technicians,, 
10.e \mat i s  the number of  engineers employed as per 1.01.1979 
i n  3ubdivis ion in to;  
............... a,- those working underground 
. 
.... ...... b.- thoseworking 'onthe  surface ,. 
under working underground are t o  be understood all those 
whc~se dai ly  duty i s  t o  go underground, Not included a r e  
all. those who may ocoasionally go. underground but  whose 
place of.work i s  on the  surface, 
. . 
11.- Vhat i s  the  number of tecllhici- employed as per  1.01 .I979 
in s u b d i v i s i o n  into: 
............... a , - those  working underground 
. . . . . . . . . . . . .  be- those  working on the surface 
Mote: the meaxling of the t r m   working undergroundn has been 
-
explained by the 10tg qusa t im  above, 
12,- How many persons employed i n  the mine are i n  charge of 
t c a c m g  in a l l  grids of schools and t r a in ing  courses: 
t o t a l  . . . . .  . . . . . . . . . . . . . .~- .  . . S .  
................... including: engineera 
- t e . c h i o i a n s . .  . . . . . ~ . . . . . . . . . .  
13 , -  Average value of planned turnover zeans i n  1979 
. . . . . . . . . . . . . . . . . . . . . . . . .  
14.- m a t  i s  t h e  mean primercost p e r  ton  of coal  i n  z l o t y :  
.................... b . - U  1978 
. . . . . .  c.- i n  the first half-year of 1979 
15.- What i s  the percentage of mechanical coa l  v;.iding in: 
. . . . . . . . . . . . .  a,- development work. 
. . . . . . . . . . . . . .  be- production-work 
16.,- What a re  t he  main causes of production standstills i n  you=: 
mine? (p lease  ind ica te  t h r e e  most e s s e n t i a l  causes i n  the  
sequence of importance): 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 
17.- What i s  your est imation o f .  t h e  technica l  condi t ion of; 
. . . . . . . . . . . . . . . . . .  a,- coal  winning machines 
.................. b.- powered supports 
c,- remaining equipment underem , , , . , . , . , , , 
mote: please use the  following denotationat ~ ~ s a t i s f a c t o r y n ,  
-
"almost sa t i8 fac to ryn ,  *unsat iafactoryw. 
Rota: i f  denotat ion M u n s a t i a f a c t o r y ~  has been w e d ,  please 
.- i n d i c a t e  at l e a e t  two causes of such a condition. 
. . . . . .  m . . , L . . . . . . . . . . . . . . . - . . .  
18.- By using an evalua t ion  s c a l e  by poin ts  from 1 t o  .7, in- 
d i c a t e  how you evaluate  the  technological l e v e l  of t h e  
bas ic  production processes: 
8.-basiu . r e .  0 . .  .'. . ; .  
............. b e - a u x i l i a r y  
c.- development * . .  ; . . . . . . .  
dew S B ~ Y ~ -  i . 
19,- zy using m evzlu.ation sca le  by points  f r o n  1 t o  7 ,  i nd ica te  
how gou avaluzte t h e  production c a p a b i l i t y  of the mine i n  the  
as?ect of: 
2 . - the  q - e ' s  planned t a s k s ,  ,., , . , , , . . 
b.- t h e  cocdi t ioc  of machinery and eqaprnent. , . . ,(number and 
quauty 
c,- Tne organizr t ion  of work processes . . , . . , . 
c,- the condition o f  employees . . , , , , , . . .(number and 
qualif i c a t i o n i )  . 
20.-  sing an e~.rzlrration sca le  by points  from I t o  7, i n d i c a t e  
how you evaluate  the co-relations i n  the technological procea- 
ses of t h e  f olloaing eleaenta: 
.s,- nuaber and quality of t e c r d c a l  equipuent used i n  the 
tec~mology applied . . , . , . . , . , , , , . , . . 
b.- number arid quality o f  technical  equipment used' 'ih the 
prodxction organizat ion , . , . . , , , . . . , . . 
c.- tectL~o1og.y end technica l  equipment appl ied i n  r e l a t i o n  
t o  the number aria qua l i f i ca t ions  of t h e  employees i n  
tire givenworkingprocess  . , , . . , . * . , 
d o -  n7uzber and q u a l i f i c a t i o n s  of the  employees in the given 
the  
crocess  in r e l a t i o n  t o  applied production organizat ion 
21 .- Are the re  dumping grounds e x i s t i n g  a t  t h e  mine 
( i n d i c a t e  capacity i n  thos, tons). . . . . . . ., .. . . 
22.- Does the l o c a l i z a t i o n  of the mine a l l o w  f o r  arranging new ( o r  
e.zlarging ex i s t ing)  dmping grounds ( ind ioa te  , in  thos, tolls), 
. 
0 . . m o o . . ~ o . m m m m o m 0 ~ m m ~ ~ 0 m e . m 0  
23,- Baving knowledge of the  documented resources of  t he  mine 
ind ica te  whether the  mine is: 
2,- an expansionable one ' 
be- a s t a b i l i z e d  one 
c.- one o f  decaying resources 
24.- If the mine i s  an exgansionable please ind icz te  i n  what Ln 
your opinion di rect ions  should  the technology process Se 
real ized;  
. . . . . . . . . . . . . . . . . . . . . . . .  a , -bas i c  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
be-aw. i l fa ry .  . . .  ,. ~ . . . . . . . . . ~ . . . . . .  
. r 0 e . . m . m . . a , . . . * * . . c w . . . r r  
.... . . .- . . . . . . . . . . . .  ... c,- development .. .* 
. e . * O . . 0 * . ~ . . w ' * . . . . . . . . . . * * *  
. . . . . . . . . . . . . . . . . . . . . . .  do- servicing 
25.- What i s  .the influence of the mine management onto the  
ac tual  organizational s tructure;  
8.- no influence a t  a l l  
given 
b.- there has been an opimon/to t h e  project  design by t he  d n e  
management ( t h e  project  design i t s e l f  has been elaborated 
.beyond t he  mine), 
c m b  t he  management has been taking p a r t  i n  the project design 
work ( the  project  design has been- elaborated together with 
someone from beyond the mine), 
do- t h e  atructure has come to  existence from a pro jec tdes ign  
elaborated by the  mine's management and is under pernanent 
modification according t o  requirements 
other ( indicate  the  kind of influence) . . . . . . . . . .  
.............................. 
. . 
26.- W h 8 t  ie .your evaluation of t h i s  organizationgl ~ t r u t u r e ;  
am- the a t ructure  i s  adequate f o r  the  requirements and speci- 
f i c a t i o n  of t he  mine, 
b.- the s t ructure  i s  not f l ex ib le ,  
'c.- the  s t ructure  i s  adequate. but the  proportions between the  
r i gh t s  and duties.  and the responsibi l i ty  of managing pcr- 
some1 of t he  mine are unequally established by the  superior 
management, 
................ do- .o the r .  ( indicate  which one) 
~ ~ - - -  
Pla.lmingb 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Orgznising 




L - - - ~ o - - - - - - o - - o - o - - - - - - - - o ~ ~ -  
Control l ing ' 
. 
28,- Is the. cooperation of t h e  mine's mnagenent s u f f i c i e n t  i n  tho 
r e a l i z a t i o n  of t h e  bas ic  mznage~ent funct ions f o r  t k e  cete-  
r i a l i z a t i o n  of the pr inc ipa l  aims of the  nine? 
a,- YES . 
29,' If the cooperation i s  i n ~ ~ f i c i e n t ,  how should i t  be i n  your 
L ' L Z S G C ~ Z ~  Cevelopment production nazFoiver F o l i  e21 
?l anning 




- - - - - - - - - - - - o - - - L I I - - - - - - - - - - - s  
- Xo t i v a t i n g  
- - o - - - - - - - - - - - - - - - - - - - - o - - - - o - - .  
Control l ing 
30.- How averagely is u t i l i s e d  your working time i n  the  mine and 
f o r  t h e  m i ~ e .  How much of your time of a day . take the  funct ions  
l i s t e d  as an example below (o the r  funct ions can.also be indi -  
cated o r  those l i s t e d  can be extended), Indica te  t i r e  bcsing 
upon longer observations: 
L 
a*- correspondence . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  be- telephone c a l l s  
d,- discussions with super iors  . , . . , , . . L , , . . , , 
e,- discussions with party o f f i c i a l s ,  s o c i a l ,  t r a d e - u i o n  c:- 
f i c i a l s  and o the r s  ( e.g. deleg'ations etc.  ) . . . . . . .  
. . . . . . . . . . . . . .  f .- observing the  work of o the r s  
. . . . . . . . .  g.- executing orders  of superior8 and others  
. . . . . . . . . . . . . . . . . . .  h e - t r a v e l z r ; d ~ * f d t i n g t i m e  
. . . . . . . . . . . . . . . . .  i , - r e c e p t i o o s  o f  employees 
. . . . . . . . . . .  j,- own planning and organiza t ional  work 
. . . . . . . . . . .  k,- b r i e f i n g s  a d  i n t e r n a l  corder-ences 
. . . . . . . .  1.- br ief ings  and conferences beyond the  miae 
m . - o t h e r s . . . . . . . . . . . . . . . . * . * . . . . . . .  
31 .-. What lcind of t echn ica l  and organizat ional  of f ' icelvork equip- 
ment i s  used b;r yourself ,and your secr.etary i n  $our da i ly  work; 
I 
32,- Ixe computerized information systems d i r e c t 1  helpful t o  your- 
ele1,9 o r  your deputy i n  the mine managemen + 
am- YES. The following are t o  be included: . . . . . . . . . .  
33,- BJ. using a pbint type  evaluat ion sca le  from 1 t o  7  i n d i c a t e  
h c ~ w  you evaluate the dm's  e f f o r t s  t o  p ro tec t  the netural. 
e z ~ ~ i r o m o n t :  ........ .'. . . . . . . . . . . . . . . .  
34.- Y/iJti&t i s  the  -nurcber of departments m d  pos ts  forroally sub-ordi- 
nated d i r e c t l y  t o  the  mine's mariaging d i r e c t o r  ( a s  per 3C.06.19E) 
35.- That i s  the  average number of workerdper  one engineer under- 
ground (as per 30.06..1979) 
36,- What is the  average number of workers per one engineer i n  the  
whole mine ( a s  per 30.06.1W9) 
37.-What i s  the number of organizat ional  departmente and indepen- 
dent pos2s i n  the  mine (as per 30.06.1979) 
38.- What i s  t he  number of exp lo i t a t ion  d i s t r i c t s  i n  :he nine (as 
per .30.06.1979) 
I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
39.- Yhat a r e  the. c r i t e r i a  for '  t he  evaluation of the  niine's zct i - : i ty  
( ind ica te  5.moat important in sequence a c c o r d i n g t o  izqortence);  
40.- Indicate value i n  t h o s e -  zloty of proposals f o r  iqrovezaents  in- 
plemented i n  1 978 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
41.- What was t he  "absence index" during 1978 (y;ithout, kollidnys> 
42,- What number of persons have s t a r t e d  work i n  tke z i c e  in I 3 7 5  
. ,-. . . .  
43.- What number of people have been released from t h e  nine i a . 1 9 7 8  
44.- What was the number o f  conp la i r~ t s  brought before the z i n e ' s  52- 
naging d i r e c t o r ,  registered during 1 978 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
45.- Has the  mige .already introduced the 4-shifts' system of iliork? 
0 
. . . . . . . . . . . . . . . . . . . . . . . .  a * - Y X S , ~ r o r n . .  
. . . . . . . . . . . . . .  b,- NO, i t  w i l l  be intyodaced from 
46.- If t he  mine i s  already working i n  a 4-shifts '  sys tez  05 -::zrk 
l a d i c a t e  how many c o m p l a i ~ t s  dir.cctly cor,cerring the Ini-rodnc- 
t i o n  0%' t h a t  system have been bzought before the  d a z ' s  ~ z a z i c z  
direc tor :  
117.- Mow i s  your e v a l u a t i o n  o f  t h e  e f f i c i e n c y  o f  mine's management cons idered  i n  the a s p e c t  o f  5 f u n c t i o n s  
o f  management i .e ,  : 
a.- c a n n a  - which a l s o  i n c l u d e s  t h e  n o t i o n  of  p r e d i c t i o n  as w e l l  as i n c l u d e s  cho ice  between many 
a l t e r n a t i v e s ,  , 
b.- 'organizing- which embraces: i n d i c a t i o n  of f u n c t i o n s  necessary  f o r  achieving t h e  mine 's. arms, t h e i r  
grouping a& adrnissicn t o  t h e  managers of  i n d i s p e n s a b l e  r i g h t s ,  , . 
c.- e rnp l9ec ' s s  n01Jcy. - which i s  coniposed of:  malcing s e l e c t i o n ,  p l a c i n g ,  promoting and t r a i n i n g  of  p e l s s o n l i ~ l ,  
mativz:kinr- y11ich s e r  es t h e  purpose o f  inducing t h e  subord ina tes  f o r  prompt execut ion  of t h e i r  -tasl;s. d *  - . - - - ,  
c o n t r o l l . . i n ~  - which serges t h e  purpose of checking-up whether t h e  a c t i v i t y  i s  i n  accordance wi th  t h e  e * -  -.------ L i  
pl.cn and t h e  predeterniined t a r g e t .  
I 
. . 
'(:Js. J~c . t i .v i ty ,  o f  t he  mine 
I 
- -  
F U N C T I O N S  OF M A N A G E M 1 1 : N T  - 
Planning Organizing Blployees 
I 
I t l ir :  E C O ~ C  of r~.l.tc;.r!al;izatl.on, e. -~ai ' i "y i .~ ;{< rr.c.:;c.:r:.rch \:or:( i n  t h e  f i e l d  of I 
- -.-.----- -- --.-- -.--.-.....---------, 
Rc,;ecrch all(! dr:-t~:lop~~ierit I.n t h c  mine i. e. : 
a.  --::>~i-r,h.ir!(5 f o r  ncy! t cchr!ologies, 
b . -- i.nt rocfuc-Li. on of achl.cvc-.:.nent s r e s ~ z l - t  i . n ~  
fro111 scii:ni;i.fj.c--t e c l ~ n i c a l  progress, 
c .  -sc:arching f o r  new so11lLl rms ,::li.l;Ilin t h e  
scope of  ncw machine:, r;:!cl. equj-pent; ,  
d.-ir~-;. ~*oc?uct icn  of net1 sol.ui;ions wit11ii-1 
co::~r,iit: c.i~:i.a:.t;ion , 
f. - ~ ~ ; i i . . c h i l i ~  f o r  ncv, oi~;.;an.iza'iic~nal' so lu -  
ti o r ~ s  atid ir,~;~r-~ov~crc.~~L;;i, 
2. --coopc!ration ;.!it11 t;hc scien-l;iJ.i.c--ttc?c!lni- 
. c.7.1. 1-z:sc.ardl cen t  re:;. 
. 
21"c~nl-a~;ion o f .  produc..';ion, i , e. 
a. - s c l c c t i o i ~  of  -t;eclli~ology, equipment and 
organizat.i.on f o r  ,nevi mining faces, 
b . -C sta3J.j. ?,ii-i.~~g of ~ ? ~ i i I j . n ~  f i3oi.1ts 
3.- cons ide rab le  a t tendance  o f  t h e  mine'$. mbnabing di rec to r -  i n  thc. 
works.. c a r r i e d  out . . 1 
(4'. - medium at tendance  which however a l lows f o r  g e r ~ e r o l  k r i o w l o d ~ e  of 
problkms - I! 
I . -.dnirnum a t t endance ,  fragmentary,  s p o r a d i c  
0, - l a c k  o f  a t tendance ,  t h e  d i r e c t o r ' s .  a t t endance  i n  vrorks i s  c o t  
- 
2 1 0  
3 2 1 0  
3 2 1 0  
3 2 1 0  
necessa ry  
--- --- 
3 2 1 0  
3 2 1 0  
3 2 . 1 0  
3 2 1 0  
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+urn- Taking zs the basis 1978 - give t he  o v e r a l l  O:dS i n  k g / ~ 2 2 ~ k i f t  
49.- Takirg  as the basis 1978 - give t h e  undergroud OK3 in 
kg/manshif t 
50.- Taking as t h e  b a s i s  1978 give t h e  f a c e  OMS i n  '&/ r~mshi f t  
51 ,- Taking as t h e  b a s i s  t he  average -'prime?cost 'of 1 to'n of c o a l  . 
in 1978 as ''1 00 percen t  - g ive  the  percentage s t r u c t u r e  of t h a t  
cos t  broken dowc i n t o :  
c' a,- l abour  . , , , . , , . , , ,O 
b.- materials . , . . , . , , 
. . . . . . .  c,' amor t i s a t i on  
d o - p o w e r . .  a , . . . . . .  , $  
. . . . . . . . .  0,- remaining 
- .  
Tota l  100mGO $ 
- .- - . . . . . . .  
' . - ' ( - - -  - 
- --,.. 
ii. --:- J . - s - .  ;.-..-, A:- .--. -..- >-,i 
- .yv-,n . . I ,- :;'ha$ l.zsi.er cf  e=>ic:.es, in I 3 ,  0 T ie r - . :  -2r325i;: t o  ::;e ...,- n - - -  . - -  - ?.. + -;nJ,sI ..-.-- - - .  t h e  rLze o:cn ::.;:a;n-3 (r- p . , ~  ( 2 1 ~ 0  i?.xz*:z; :. l.;:-z !-: ;- . 
. f - - 
~ o r t  l ; ~  LLnc r: dl : s>c ;s l ,  1.;- rx.ictcci O . ~ ' ~ S : ,  
. . . . . . . . . . . . . . . . . . . .  T 0 < 2 1 .  
. . . . . . . . . .  inclucing; 2 x 3  a distsnce of  up t o  2 0  Lo 
2.- T n z t  i s  actuzllg t h e  ~ a i n  directioz of  aenI;o;lic rezr l i i$a tFsr i  
g o l i c y  f o r  w o r k .  i n  t h e  mine: 
a,- sezrc3ir.g l o r  enployees  i n  o t k e r  r e g i o n s  o f  the cvz~tr"r 
b.- r e c r u i t z t i o n  cf  s a l d i e r s  released f rom tke e l i f a r y  scz-;ic? 
I 
c:- voce:ional s c h o o l  a t  t h e  z i n e  
6.- l o c a l  e x p l o y ~ e n t  d e p e r t n e s t  
e.- aaver t i s i%-  i n  d a i l y  newspapers 
fa- t h e r e  i s  no main d i r e c t i o n  and a l l ' p o s s i b l e  z e t h o d s  o f  
ezployees  r e c r l x i t a t i o n  a r e  be ing  a p p l i e d  
\ 
. . . . . . . . . . . . . .  g.0 o t h e r s  ( i n d i c a t e  which o n e s ) .  
';,'hat i s  y o u r  e v z f u a t i  
t o  t h e  e f f i c i e n c y  of  
be n a k e d  by "xu i n  t 
on of  t h e  o u t s i d e  i f i spec  
t h e  niae's f u n c t i o u i n g ;  
.ens ;.lit;? regar* 
p r o p e r  anslyer f o 
E f f i c i e n t  
Too f r e q u e c t  
- - - - - - ~ z - -  Ctner   ate 
ivhich one) 
- . e * . * . n  
n o t  disturbing d i s t u r b i n g  and c r e a t i n g  
t h e  e f f i c i e n c y  d i s o r g a n i z i n g  Cifiiculties 
o f  f u n c t i o n i n g  , vr o r  k . i n  v;orir 
1 
5,- KmSer of 2 l a c s s  i n . v ~ c z k e r s '  h o t e l s  and quarters is ;  
6,- 2 . a S e r  c: 2 l ~ c e s  i n  the ~ne's n u r s e r i e s  a s d  nursery schocls 
covers t h e  
covers  t h e  enploy ees'. 
f f e l d s  , pools ,  poois,  etc, 
9.- a r e  c o t  f Gr ' i l l i ng  t h e  e z p l o y  ees'  r equ i r ezen t  s 
6,- Nuizt~er of  places  i n  t?le vacatior, c e n t r e s  ie 
1 
a,- suff icienf  wi th in  t h e  whole y e a r ' s  pe r iod  
5.- sSdficient only within the  f ~ o s t - s e ~ s o n e l ~  per iod 
2.- sufficient l o r  r e q u i r e a e n t ' s  but t h e i r  s t r u c t - n e  (mountains, 
Lalccs, sea) i s  n o t  adapted t o  t h e  i n a v i d - ~ a l  expec ta t ions .  
9,- Z w b e r  of plzces i n  t h e  week-end centres:  
a,- the d n e  has no sacn c e n t r e s  
b.- e n t i r z l y  f u i f i l l s  t k e  enploy ees '  r e q u i r c ~ e n t s  
- - 
L.5 
c,- 2- p c s i t l o n  t o  r e c e i v e  =ore gues t s  t h z ~  t he  21cSer of those  
77.-A,io 2 2  t o  t h i s  $ i s e  heve a p p l i e d  f o r  t ? L s  f o r 2  of r ec rea t i o :  
d.- t h e  cunSer cf plzces i s  t o o  smli  f o r  t h e  e ~ 2 l o y e e s ' r e -  
qvire3?~?nts 
e.- o t h e r  evaluation . . . . . . . . . . . . . . . . . . 
10.- L i b r a r y ,  readirg room, cinema, concert room sto. 
a.- entirely fulfills the employees' requirements 
b.- not f u l f i l l h g  the employees' requirement8 within tha t '  scope 
. . . . . . . . . . . . . . . . . . . . .  c,- o t h e r  evalwt ion 
: 1 ,- ::'bat is your evaluation of the  influence o f '  wdisposing centresm 
f r o a  beyond the nine onto the funotionning efficiency of t he  
d n e  (please indicate those which a r e  happening even sporadic): 
a,- does not detect  any abnormality, 
h.- there are  too many d i s  osing centres (semiee, p o l i t i c a l ,  
tecihnical, supply, atcy, 
c,- rnulti-plane subordination d i s t o r t s  the  competencies, brings 
about an excess of  regulation tendencies and creates de- 
t a i l ed  outl ines which are normalizing many actions, 
4. 
d.- overload o f '  e d s t i n g  information-channels b r i n g s  about t h a t  
Frsper information l a  vanishing o r  becomes dis tor ted against 
the intentions of the information t raneferrer ,  
em-  a disorganizing influence of any type of decisions, orders, 
prohibitions o f  Lncidental nature is traceable, 
f,- lack of coordination i n  the  information tex t  demanded by 
v a r i o ~ s  diagosing centres which causes tha t  t ho  superior 
a ~ t z c r i t i e s  ( t e r r a in ,  party, trade union a tc )  which deal 
with coincident problematics -- -take advantage of mutable, 
frequently excessively detai led information, 
. v  - 
g,- cases of lack o f  correlation between the  cyclic  and regis- 
ter izPoznations gathered are t raceable although the regis- 
t e r  i n fo rmt ion  should f r o m  the base of t h e  cyclic  one, 
he- non-yrecisely assessed competencies o f  the centres are  
causing crossing o f  decisions from various disposing centres 
i n  the same subject of  activi ty.  This leads  t o  burdensome . . 
making agreed and frequently makes i t . imposs ib le  t o  s e t t l e  
the responsibi l i ty f o r  the deciaion transferred, 
12 . -  ~y asisg  t he  point type  scale of evaluation from 1 - 7 give a 
syatzetic evaluation o f  the s t a t e  of the mine's material aup- 
ply service i n  the aspect of the. production tasks; 
13.- S t i p d a t e  t h e  grrventive neasures which are  being taken by the 
f i n e  in case A aistmbances i n  the nater%.al supply service: 
14,- : s s c r l b e  skc  i ~ A l u e n c e  of distzrbances of zstezifii  procVae- 
rr .-..; o a  ti;? o r g a n i z a t i o ~ a l  s t r u c t u e  or' t,'L(:' 3 A i l ~  (the p o i z t  
i;; i n  ,-allir.g--;;, of i m z d i a t e  and/or ?err?arizzi'; groups of  
S ; ~ L ! C ~ L ~ ~ S  t s ,  s e c t i o ~ s ,  an& groups of e.ffip;sy eas) .  
, 
Svalxation oZ t h e  mine material8 managercent: 
15 .- Lzterial procurement pla,Yling; 
a,- nmber of i tens .  of =a t e r i a l  sortimen3s used i n  the d n e  
...................... i n 1 9 7 8 . .  
be- what i s  the denonination e d  who i s  i n  direct charge of 
material &onsumption planning sectf on ......... 
. . . . . . ' .  ..................... 
c.- who and i n  what time and fo r  which period i s  elaborating 
........... piaus of the naterial.consumption 
16.- Ordering materials and monitoring of  deliveries;  
a,- a r e  there elaborated plans or  delivery schedules of na- 
.............. t e r i a l  supply f o r t h e n i n e  
b,- v;nat percentago of  ordered materials over a y e u ' e  ' per iod 
const i tu te  ne t e r i a l s  covered by reglamentation . . . 
i7.- D i s p ~ s i n g  o u t e r i a l s  and accountiag tizeir consumptica; 
a,- does t b c  &?pl ied  ae3hod of m t e r i a l  dis2osing ensure at 
the seze t l z e  nonitorisg of a u t ~ u t  an2 zn2eriel consum- 
  tic^ p e r  o r e  ton of output ( i f  s o ,  %hen i n  %hat mnner?): 
• ...... t - L d t  ; ~ r c e ~ . t ~ g e  o: <i:e t o z a l  material cons7.mption i s  
. . 
c e l s g  rcvrie~ed f c r  r e 2 e a t e d  use: . . . . . . . . . . .  
a;- i s  tirere a p o a s l b i 3 i t y  t h a t  the m t e r i a l o  be ~ ~ f l c i e n t l ;  
sec-ued zgzinut t h e i r  u c o n t r o l l e d  riraiviag end zegstive 
i ~ i u e n c e  oT weather conuitions: 
b,- a re  s t o r e s  s u f f i c i e n t l y  equippec? with t e c h d c a l  zeans 
and devices for n z t e r i d  storage: 
19.- Material  storage; 
a;- considerable quantity of s tored  mater ia ls  a t  d i f f e r e n t i e s  
i n  t r a n s p o r t  are caasiag that the s t o r e s  are overcramed 
m d  t h a t  it is d i f f i u a l t  to keep them clean and orderiy,  
- 
b.- the  s t o r e  space is aot who3lg u t i l i z e d ,  
c.- t h e  e x f a t i e  s t o r e  and stock-yard equipment i s  c o t  
s u i t a b l e  and can c r e a t e  danger of accidents, 
-. - 
. . . . . . . . . . . . . . . . . . . .  d.- other  evaluat ion 
20.'- By using an evaluztion'  scale by points from 1 t o  7, g ive  a 
syn the t i c  evaluat ion of the s t a t e  ,of macbinery and equipmeat 
. .  repair-management ca r r i ed  out beyond the nine; 
21.-• 2y using an evaluat ion scale by points  from 1 t o  7 give a 
syn the t i c  evaluat ion of a l l  the kinds of t r anspor ta t ion  ser- 
' viaing t h e  mine: 
- -- I C  
, ,. - --" 
, . from the min; - t c 7 t h e  .mine 
Materials ,  stowing 
People 
. . 




from the  mine to ';kc ~~1~ 
-- 
L::terials, st0wic.g 




- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
: . i s tes  
- - - - - - - - - - - - - - - - - - - - -  
C r a l  
- - - - - - - - - - - - - - - - - - - - -  
2j,- 25 ~ s i n g  an evaluztlon sca le  by points  f ro=  I t o  7 give a 
sgr-thetic evalzat ion o.f the state of  e l e c t r i c  power supply 
?i o .:he cine; 
24.- u3ing an evaluation scale by points from 1 t o  7 give a 
synthetic evaiuat ion of t he  e s s en t i a l  cooperation of science 
n i t @  the nine (mutual services)  
25.- CZa: s i z e  of c;in annual output i n  1978 was designed f o r  
e:ipbr: ( i n  t h o u s a ~ d  tons) .  
26,- Local izat ion o f  the mine. 1s there  another mine local ized 
w i th l z  a radius  of  20 km? 
- Y 3 S t  - one mine, 
- t'r\'o mines, 
th ree  mines, 
- f o u r  minea, 
. - f i v e  and roore mines.. , 
27.- fndicz te  s c i e n t i f i c  i n s t i t u t i o n s  with whom the  mifie has 
ngreenents on scientific and technical  cooperation; 
. . . . . . . . . . . . . . . . . . . . . . .  a,- long-term 
. . . . . . . . . . . . . . . . . . .  . . . .  be- annual '. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c.- other (what kind and with whom) . . . . . . . . . , . .  
28,- What forrrs , of cooperation f ar~d with what sz i en t i f  i c  i n s t i -  
t u t i o n s )  i s  rea l ized  by the  mine? 
a,- ccnsul tmcy and advice with indiv idual  s c i e n t i s t s  71hc 
. ' are  on spec ia l  agreeinents with t h e  d n e  f ro= ;  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
be- agreemente. on analyses and frzgmentaq research c.iSh: 
c.- implementation of new technologies and tec?inical soli i-  
t i o n s  w i t h  the  a i d  of: 
do- implementation of new organizat ional  s b l u t i c ~ s ,  with the 
a i d  of; 
-. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
e,- s c i e n t i f i c  ,scholarships f o r  the s tudents  fron: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f.- education of tab enployees f o r  the mine nee25 ic: 
. . . . . . . . .  g.- others  (wh'at kind and k i t h  whom?); '. 
29.- Give number of tec-'urical i ;np le~en ta t ions  c o d n g  from outside: 
a . - i n 1 9 7 8 . . . .  . . . . . . . . .  
b,- from the beginning of 1979 .' . . . . . . . . . .  ( ~ L Z L G ~  Q3 
a l s o  those which a r e  b e i n g  i n ~ l e x e c t e d ) ,  
30.- Give nunber of organizat ional  inplenentat ions co-g from 
t he  outside; 
be- from the b e g i d n g  of 1979 . . . . . . . . .  (including 
a l s o  those which a r e  bei-rg iizplezented) 
37.- Do the mine's exziployees take pa r t  i n  t h e  s c l e r s + i f i c ~ a s e ~ c h  
and design v1or.L~ - 2  t h e  i c s t i t ~ t e s  a d  research an i  develop- 
ment centres: 
be- YES ( ind ica te  nunber of persons end i n  what .form) 
~ n d i c a t e  the economic, s c i e n t i f i c ,  soc i a l -po l i t i c a l  s ~ d  pro- 
fes ional  orgarAzations outside the ministry of mining with 
.:vhom the mine maintains; 
. . . . . . . . . . . . . .  a,- permanent working contacts, - 
. . . . . . . . . ' . . . . . . . . . . . . . . . .  0 . .  
be- occaeional'contacts, sporadic and/or periodical; 
-1- 
- 3  - - 




















I t e z  
_ 
7 .  
Quest ion  no. 1 
A C T I V I T Y  
- -- 
Soarchi.ng f o r  new technolo- 
gies resulting from a c t u a l  
condi t ions .  
- 
'1s t h e  given a c t i v i t y  c a r r i e d  
on i n  t h e  mine: 
1. YES, by t h e  mine 
2. YES, but  t h e  a c t i v i t y  i s  ' 
i n  part ordered ou t s ide  
t h e  mine. 
3. 'ES, bu t  tke e c t i v i t y  is 
c a r r i e d  on exclus ive ly  by 
t h e  super io r  u n i t s .  
4. YES, but  t h e  a c t i v i t y  i s  
wholly ordered ou t s ide  t h e  
rnine. 
5. No a c t i v i t y  i s  being cnr- 
r i e d  on a t  a l l .  
- -- - 





















1 2 3 ---.--.-- '4 :I - ---------- 
1 2 3 4 5  
1 " 3 4 5  .- 
1 . 3  I,  I ;  I, 
-- . _ . -_ - 
If YES: llltl o r  "2" .or 11311 t h e n  
has t h e r e  been appdhted a spe- 
c i a l  s e c t i o n  t o  c a r r y  on t h i s  
and on1 t h i s  a c t i v i t y :  Denote 
m F  symbol  
2. - NO, but  t h e  given a c t i v i t y  and deno- 
i s ' b e i n g  c a r r i e d  on by a. mination 
s e c t i o n  which a l s o  c a r r i e s  of  t i l t !  
on o the r  a c t i v i t i e s ,  organiza-  
3. - >lO,but t h e  given a c t i v i t y  t i o n a l  
i s  c a r r i e d  on by a t  l e a s t  secLicn 
one person s p e c i a l l y  ap- 
pointed f o r  t h i s  purpose. 
4. - No,but t h e  a c t i v i t y  i s  
being c a r r i e d  on by a t  
l e a s t  one person who can2 I 
ries a l s o  o the r  a c t i v i t i  E-s -- -....-. -- -. 





3 1 2  4 ---..--- 
1 2  3 4  ---.- - --- 
I ~ l t r o d u c t i o n  of acl~ieve:~lents 
r e s u l t i n g   fro:^ t!lc .:cienti- 
.- f i c  tc.~?~!!!czl -1'0:T!:L;C -- 
Searching f o r  IICW s o l u t i o n s  
wi th in  t h c  scope of  machine- 
r y  and esuir)nrent 
In t roduct ion  of new so lu t ions  
wi th in  t h e  scope of automati- 
z a t i o n  - 
Carrying out  research work 
within t h e  scope of co:npuLer 




- - - ... .- 
7 2 3 4  -.----.--..-----..-.-.. 
- - - -  1 2-7.- 4  --. _- .. .. 
1 7 3 4  
-._.. - ---.- ___- - - - - - . - .  . - 
- 
.- -..- - - .. 





111 . I Kio~1< and shop on t h e  ~ r o u n d  of  mine 
I 
L12. Nursciy school 
43 ,  Fl\~rscry - 
-44. I Vocationc11 school  o t  t !~c  mine 
4G: S o c i a l  welfare  a c t i o n  r e l a t i n g  t o  va- 
c a t i o n s  and sumr:ler v;icationn. f o r  c h i l -  
dren 
47. Recrzeational a c t i v i t y ,  s p o r t s ,  swim- 
aLn,": nools ,  s t a d i ~ . ~ ! n s  
40 .  C u l t u r a l  and ecluceticnal s c t i v i t y  
/houses of  c u l t u r e ,  miner's c lubs ,  
3-ibraries, e;:cursiol?s, e tc .  / 
49. Work-safety a c t i v i t y  /ba ths  ', cloah- 
roozs/ 
52. Econcrni.~ and s o c i a l  analvses  
53. S c o n ~ r 6 c  accounts 
54. jF lnsr?c i~ l .  c?ctl .vity 
-4- Continuat ion of quest ion I 
from page 1 
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1 2 j 4 5 6 7 8 9  
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1 2 3 1 t 5 6 ' / 0 9  
. 1 2 3 4 5 G 7 t 3 9  
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-9c 
Centeen /snack-ber/ cnd rsgener 'st i-  
vc. meals 
- 




..-- -- - -- . - - - .  - -- 
i'iursery 
Vocational school  a t  th;; nine 
- -- - --. . - . 
i.iedical cars .:nd sr.-niitoriu;:~~ 
-.--- .-..- 
S ~ x i a l - \ : e l f a r e  a c t i o n  r e l a t i n g  t o  
a c a t i o n s  f o r  cnf l d r e n  
-- -- 
hecrez t ional  a c t i v i t y ,  sports, ' 
swijming pools ,  s tzd iuns  
- --.- - 
~ u l t u r ~ l  and e d c c ~ t i o n n l  act1vi t . i  
/houses .of c u l t u r c ,  rninzr ' s  c lubs ,  
l ibl-dr ies  , cxcurs icns  - c t c  . / 
-- 
'dorlr-safety ac ' t i v i ty  ,b s ths ,  cloak 
rooms 
--.-- - -. 
Pransg;lada z c t i v i t ' i  / rxi io-staio,"  
-- 
1,cLivil;y i r i th in  t h ?  ; :cop~ of re-  
port in,?  
Cr?rr"rin,c: of eco:.io;!\ical a i d  soci::l 
ana lyses  
- 
Econonic accour~t  
-- 
Financ ic l  a c t i v i t y  
I 
1 2 3  
1 2 3  
--- 
1 2 3  
.- 
1  2 3 .  
1 2 3  
1 2 3  
1 2 3  
1 2 3  
- 1 2 3  
1 2 3  
-- 
1  2 3  
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Rccnlit inf;  and s c l r ~ c t i . o n  of  
I? el*:: orxx-lz- 1 
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- -- - .. -- - -  
- 1 BCIIII:;FB iind rrizrds for- the 
supel-vi:;o1-y pkl-somi~l 11 i 
r y  personnel 
-- 
1 1 ?1ii1~3 of the personnel. 1 I 2 41 . Canteen /snacl:-bar/ iiiia re- generative meals 1 2  
mine 1 2  
A -- 
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.- ----- -. 
Medical carel  sanatoriums 
Social-welfare a c t i v i t y  re- 
l a t i %  t o  vacations and sum- 
mer vacations f o r  chi ldren  
Recreational a c t i v i t  /sport$ 
s s i m i n g  pools, s t n d m s /  
Cul tu ra l  md educational ac- 
t i v i t y  /houses of cu l tu re ,  m i  
n e r  's clubs,  l i b r a r i e s ,  excur- 
s i o n s  etc . /  
Work sa fe ty  a c t i v i t y ,  baths. 
cloalc-rooms 
Propaganda a c t i v i t y  /radio- 
s tudio/  
Ac t iv i ty  within t h e  scope of 
repor t ing  
Carrying of economic and so- 
c i a l  analyses. 
Economic account 
Finzncia l  a c t i v i t y  
Protec t ion  o f  enviror~nent 
/ t e r ra in  re-cul t iva t ion ,  se- 
wagetreatment,rnine~caters 
e t c  . / #  
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I 2  
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1 2  
1 2  
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1 2 3 4 5 6 7 b 9  
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In t roduct ion  of new solu- 
t i o n s  ~ i t h i n  t h e  scope of . 
autoinat i z a t  ion  
- 
1 2  
Csi-1-ying-out E S C ~ ~ C ~ I - \ . : O I - ~ ~  
. . within the  stop of com- 
puter teclinolc~!r 1 2  
Sea~ch.ing f o r  ne:; olll.;r:niz~- 
Item Quest ion no. 11 
.. 
A C T I V I T Y  
, . Scarchine; f o r  new solu- 
I -  t i o n s  within t h e  scope of 
o n e w  nschines and equ ipc rc~ t  I 2  
\ 
1 2 3 4 5 ' 6 7 8 9  
1 2 3 1 4 5 6 7 8 9  
- 
1 2 3 4 5 6 7 8 9 1 0 1 ?  1 2 1 ~ 1 4 1 5 1 6 1 7 1 2  
1 2 3 ~ t 5 6 7 e 9 ' 1 0 1 1  1 2 1 3 1 4 1 5 1 6 1 7 I b  
.- .. -- -. .- .. 
A. 
1 2 3 4 5 6 7 8 9  
ernployecs. , 
9. -0thenrise 
o the r  s o c i a l - p o l i t i c a l  organizat ions.  17.Hepre- 
s e n t a t i v e s  o f  i n s t i t u t e s , r c s e a r c h  and develop- 
nent cen t res .  18.0t;hers ,not  mentioned above. 
d I 
- F 
1 2 3 ~ ~ 5 6 7 8 9 1 0 1 1  2 1 3 1 4 1 5 1 6 1 7 1 3  
. 
, 2 ,  
1 2  
1 2  
Searching f o r  new techno- 
l o g i e s  r e s u l t i n g  ou$ of 
t h e  nc tua l  condit ions 
In t roduct ion  of achieve- 
ments r e s u l t i n g  out of 
s c i e n t i f i c - t  echn .p ro~rcss  
1 2 3 4 5 6 . 7 8 9  
1 2 3 1 1 5 6 7 8 9  
L D  
I 
1 2 3 4 5 6 7 8 9 1 0 1 1  1 2 1 ~ 1 4 1 5 1 6 1 7 1 C  - 
1 2 3 4 5 6 7 6 9 1 0 1 1  1 2 1 3 1 4 1 5 1 6 1 7 1 8  


Rcc111i ting and s e l e c t i o n  
of personnel 1 I ! I 2 3 4 5 6 7 2 9  -- 
134. I Tra in in-  rnld improving of  
gcrsonncl 1 1  2 1 1 2 j 4 5 ~ 7 0 9  
ancl i:::nl-oving of 
1-eservct supeivisorqr per- 
6 .  Bonuses and rcv:zi-ds f o r  the 
supel-visory pc13:;onnel 
cU 
.7 1; ~ 7 .  Ijronotint; ;1nd dist in~11iAn- 
d 
E I n s  of enployces 
38. R c c r u i t i z  and p e r i o d i c a l  
eva lua t ion  of t h ~  supenci- 
pe:-sonnel 
39, bisintaining of v.:o~k d i s c i -  
p l i n e  of  the supenrisoiy 
personnel 
E4aintaining of work d i  sc i -  
p l i n e  o f  t h e  personnel 
Kiosk and shop on t h e  ground ' 
F- of mine / I  2
l-d 
.d b3; Nursery school 
0 1 2 1 2 3 4 5 6 7 0 9  
0 
V3 44. Nursery 1 2 1 2 3 4 5 6 7 8 9  
Vacational school at the 
mino 1 2 1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 j 1 4 1 5 1 6 1 7 1 8  I 
Social  welfure action re- 
la t ing  t o  vacations and 
sulmer vacations. f o r  
children 1 2 1 2 3 4 5 6 7 8 9  
Recreating a c t i v i t y ,  spoit  , 
swimmine; pools,  stadiuns , 1 2 1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 1 0 1 1  12131415161718 
r I 
Cultural-educational a c t i -  
v i t y  /houses o f  cul ture , .  
miner's- clubs, l ibrar ice ,  
excursions, e tc .  / 1 2 1 2 3 4 5 6 7 8 9  
Worls-safety act iv i ty ,baths ,  
cloak roons I 1 2 1 1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 g 1 0 1 1 1 2 1 ~ 1 4 1 5 1 6 1 7 1 8  
I 
Propaganda a c t i v i t y  /ra&o- 
studio/ 1 2  
Activity vrit11li.n the  scope 
o f  reporting 
Econonic and s o c i a l  analy- 
SC3 1 2  
Econolili~ account . 1 2  
Financial a c t i v i t y  1 2  

Question no. 5 
A U T H O R I Z E D  
A C T I V I T Y  
Who i s  t h e  l a s t  person krho can ~ i v e  consent t o  t h a t  au- I ' thor ized  a c t i v i t y  be assuroed: 
- 
I .  Managing d i r e c t o r  of t h e  mine, 2, Director  of t h e  f i~nc-  
t i o n a l  department. 3. Chicf engineer. 4, Main engineer of 
t h e  correpor~ding department. 5. Main s p e c i a l i s t s ,  s e l f -  
dependent s p e c i c l i s t s .  6. Head of department. 7. Sect ion  
nlenegcr. 8. Excenting employee. 9. Secre tary  o f  t h e  works 
committee of t h e  PViP. 10, Presidel~l ;  of t h e  mine's carunit.tee 
11. Pres ident  of t h e  workers' council .  12. Secre tary  of t h e  
workcrs' autonomy cornnittee. 13. PrcvidLum of the mine's 
counci l ,  Ilt , Mine's council.l%xccutive . 16. The mine's 
super io r  a u t h o r i t i e s .  17, Cthers /persons, author*i t ies ,  
r e s o r t s  e tc . / .  
I .  Searching f o r  new t e c h n o l o ~ i e s  r e s u l t i n g  
out  of t h e  a c t u a l  co-~clit ions. 
2. In t roduct ion  of  achievements r e s u l t i n g  
out  of t h e  s c i e n t i f i c  t e c h n i c a l  progress  
3. S e a r c h i w  f o r  new solu t ions  t r i thin t h e  
sccpe of new machinerj a d  equipment 
Carrying out research \rolik \ idthin t h e  
scope o f  c m p u t e r  technology I 1 2  3"t 5 6 7 8 9 1 0  11 1 2 . 1 3  14 q.5 1 6  17 
1 2 3 4 5 6 7 8 9 1 0  I ?  12  1 3  I 4  1 5  1 6  17 
I 
A 
I  2 3 4 . 5  6 7 8 9 10 ' 11 12 1 3  14 1 5  1 6  17  
1 
1 2  3 ~ 4  5 6 7 8 9 10 11 12  1 3  1 4  I 5  1 6  17  
4, In t roduct ion  of new so lu t ions  witllin t h e  
scope o f  ~ i u t o n a t i z a t i c n  1 2 ' 3 ' 4  5 6 7 8 9 10 11 12 13 14 15  16 17 
6.  
% 
Searching f o r  new organiza t ional  solu- 





Stoclc spares management 
Machines and ecluiprgent supplyins ~ v r d  nrana- 
gem ent 
Supplyiw with protective clothing ' 
- - - - -. - -- -- 
Reserves rnannseinent 





Recruiting and se l ec t  ton of personnel 
--- - - 
Trainine; and improving of personnel 
Training and improving 3f reserve supcr- 
visorv ~ e r s o n n e l  
Bonuses and rclmrcis f o r  t h e  supervisory 
person.ne1 
P m o t i n g  and dist inguishing employees: 
Recruitin8 and per iodical  evaluagion of 
supervisory personnel 
Mafntaining of vorlc d i sc ip l ine  o f  the 
supervisory personnel 
Maintaining of vrol-l{ d i sc ip l ine  of t h e  
nersonnel 
Canteen /snack-bar/ end  r e ~ e r k  rsot lve ~ncr,l:- 


MANAGEMENT INFORFIATION SYSTEM I N  THE M I N I N G  INDUSTRY 
P e t r  Kobert  
Managers Centre o f  
 ini is try o f  Fue ls  and 
Energy, C.S.S.R. 
Lubomir Pet r A S  
I n t e r n a t i o n a l  I n s t i t u t e  
f o r  App l i ed  Systems Ana lys i s  
T h i s  t o p i c  has been i n  comparison w i t h  the  i n i t i a l  
des ign i n t r i n s i c l y  reduced. The reason has been the  v e r y  
s h o r t  p e r i o d  f o r  p r e p a r a t i o n ,  which unabled us t o  c r e a t e  
from q u i t e  v a s t  m a t e r i a l  a v a i l a b l e  homogeneous represen- 
t i n g  r e a l  range and approach t o  the  s o l v i n g  o f  i n f o r m a t i o n  
systems. And so we have l i m i t e d  ourse lves  o n l y  t o  those 
p a r t s ,  whose p r e s e n t a t i o n  i s  easy w i t h i n  l i m i t e d  t ime and 
which can c r e a t e  the  image about range o f  t he  s o l u t i o n .  
The s o l v i n g  o f  i n f o r m a t i o n  systems i s  the i n t e g r a t e d  
p a r t  o f  t he  s o l v i n g  o f  t he  management systems g e n e r a l l y .  
From t h e  s p e c i a l  system p o i n t  o f  v iew the  management 
system i s  d i v i d e d  i n t o  s  u  b  - s  y  t e  m 0 f d  e  c  i - 
s  i o  n  - m a  k  i n  g ,  i t  means a l l  n o n - a l g o r i t h r ~ i z e d  
t rans fo rma t ions  o f  i n f o r m a t i o n ,  and i n t o  the  s  u  b  s y  s  - 
t e  m o  f i n  f  o  r m a  t i o  n  , which i s  represented 
by c o l l e c t i n g ,  t r a n s m i t i o n  and s t o r i n g  and by a l l  a l g o r i t -  
hmized t rans format ions .  By the  way, t h i s  decomposi t ion 
makes p o s s i b l e  p e r f e c t  a p p r e c i a t i o n  o f  t he  human r o l e  i n  
the  management systems and the  de te rm ina t ion  o f  t he  l e v e l  
o f  automation. The decis ion-making i s  i n  t h i s  concept ion 
an a f r i b u t e  o f  man. Machines cannot make dec is ions .  
~t i s  n o t  necessary t o  con t inue  t h i s  m e d i t a t i o n  now. 
w e W l l  r e t u r n  i n  s e v e r a l  no tes  t o  the  i n f o r m a t i o n  systems. 
We would l i k e  t o  s t r e s s  t h a t  we cons ider  the  i n f o r m a t i o n  
t o  be a  p r o p e r t y  o f  soc ie ty .  I f  we l o o k  i n t o  the  p a s t ,  
we can see, t h a t  i n  the  t imes o f  low p r o d u c t i v i t y  t he  
needs o f  s o c i e t y  were m a t e r i a l .  The bas i c  demands f o r  
f o r  people were food,  housing, c l o t h i n g .  Even today these 
needs a r e  bas ic  i n  the  l i f e  o f  i n h a b i t a n t s  o f  develop ing 
c o u n t r i e s .  However t h e  need o f  energy i s  p l a y i n g  h i g h e r  
importance i n  developed coun t r i es .  Hard l y  anybody rea- 
l i s e s  t h a t  t he re  i s  f u r t h e r  s h i f t  and s a t i s f y i n g  o f  t h e  
needs o f  i n f o r m a t i o n  i s  becoming the  pr ime concern. 
S h i f t  
MATERIALS- ENERGY I N F O R M A T I O N  
i s  and w i l l  be connected w i t h  changee i n  t h e  needs as w e l l  
as the  c h a r a c t e r  o f  management. The i n t e r - r e l a t i o n  o f  these 
c lasees  w i l l  show t h e  degree o f  development achieved. I n  
o t h e r  words, t he re  was a  l i m i t e d  l e v e l  o f  t e c h n o l o g i c a l  
equipment i n  p r o d u c t i o n  i n  the  p a s t ,  today t h e r e  i s  a  
l i m i t  t o  energy and bas i c  raw m a t e r i a l s .  The s h i f t  c o n t i -  
nues, however, and t h e r e  w i l l  be a  problem i n  the  f u t u r e  
t o  f u l l y  make the  best  use o f  and process the  mass o f  
i n f o r m a t i o n  a v a i l a b l e .  Even today i t  i s  p o s s i b l e  t o  watch 
t h i s  p o s i t i o n  o f  i n f o r m a t i o n .  The i n f o r m a t i o n  system i s  
becoming a secondary p r o d u c t i o n  process. T h i s  means, t h a t  
more and more i n n o v a t i o n s  i n  p r o d u c t i o n  w i l l  be reached 
o n l y  on the  bases o f  i n n o v a t i o n  i n  the  i n f o r m a t i o n  system. 
The above f a c t s ,  however, do n o t  mean t h a t  t he  i n f o r -  
mat ion system has p r i o r i t y  i n  s o l v i n g  t h e  problems o f  mana- 
gement. The decomposi t ion of management i s  decis ion-making 
and in fo rma t ion .  O e c  i s  i o n - m a  k  i n g  h a s  
p r i o r i t y , t h e  i n f o r m a t i o n  s y s t e m  
m u  s  t s  e  r v  e  m a  n  a  g  e  r s . The statement seems 
as c l e a r  and normal,  bu t  most de format ions  i n  p r a c t i c e  
come from the  f a c t  t h a t  they  aren' t  fo l lowed.  
To be concise,  l e t  us leave these types  of  m e d i t a t i o n s ,  
which are  i n t e r e s t i n g  f o r  us,  as they  u n i t e  a  s e r i e s  o f  
seemingly unconnected phenomena. Before we approach t h e  
p r i n c i p l e s  o f  s o l v i n g  i n f o r m a t i o n  systems, we f e e l  i t  i s  
necessary t o  say something about i t s  e x t e n t .  The q u a n t i f i c a t i o n  
o f  i n f o r m a t i o n  system was determined accord ing  t o  the  
method DIS (Documentary o f  t h e  i n f o r m a t i o n  system). A t  
t h a t  t ime we were concerned w i t h  the most d e t a i l e d  
q u a n t i f i c a t i o n  i n  the  e n t e r p r i s e  and a  research o f  the  
ex ten t  o f  the  i n f o r m a t i o n  system OSTRAVA KARVINA REGION 
- OKR ( t h e  l a r g e s t  b lack  c o a l  b a s i n  i n  t h e  CSSR) was 
made, which i s  unti-1 now the  o n l y  q u a n t i f i c a t i o n  used 
by the concern OKR known t o  us. The i n f o r m a t i o n  f u r t h e r  
g i ven  i s  cons idered as a  genera l  i l l u s t r a t i o n  o f  an 
immense range o f  i n f o r m a t i o n  systems. F o r  us t o  be ab le  
t o  cons ide r  these f a c t s .  I g i v e  as an example t h a t  the  
most d a r i n g  e s t i m a t i o n  as t o  t h e  number o f  p ieces  o f  
i n f o r m a t i o n  a t  a  mine were about 100.000 i tems d u r i n g  
the  year. I n  f a c t ,  i n  the  f i r s t  e n t e r p r i s e  t h e r e  were 
40 m i l l i o n .  I t  has proved again t h a t  when s o l v i n g  mana- 
gement problems even the  most p rog ress i ve  research wor- 
k e r s  tend t o  cons ide r  the  s i t u a t i o n  as l e s s  compl icated 
than i t  r e a l l y  i s .  We s t i l l  cannot conten t  ou rse l ves  w i t h  
the  r e a l i t y ,  t h a t  every  t y  p  e  o  f  m a  n  a  g  e  m e  n  t 
s y s t e m  w i t h  i t s  w i d e  r a n g e  o u t -  
d o e s  t h e  c u r r e n t  r a n g e  o f  o u r  
t h  i n  k  i n  g . To i d e a l i s e  the  r e a l  s i t u a t i o n  i s  
anoth'er mis take i n  s o l v i n g  the  problem. 
And now t o  t h e  f i g u r e s ,  which concern o n l y  the  
w r i t t e n  i n f o r m a t i o n  system. 'The range o f  w r i t t e n  forms 
a t  mines i s  i n  t h e  range from 2,969 - 3,589 v a r i o u s  types 
o f  w r i t t e n  forms. The forms from o u t s i d e  a re  i n  the  range 
from 857 - 1,078, t h a t  means 27,3 % t o  35,7 %. The number 
o f  forms used i n  the mine i s  from 1,907 - 2,511, t h a t  i s  
64,2 t o  72,7 %. About 500 forms a re  f i l l e d  ou t  f o r  one 
f u n c t i o n  by a  c l e r k  and remain w i t h  t h a t  f u n c t i o n ,  t h a t  
means approx imate ly  16 :& o f  the  forms don't move. aut  
even i n  t h i s  case they  are  s t a t i s t i c  m a t e r i a l s  (e.q. books, 
cards ,  etc.)  which a r e  used m o s t l y  by t h e i r  c r e a t o r s .  
The f a c t s  about the  t ime r e q u i r e d  t o  work ou t  the  
form from v a r i o u s  p o i n t s  o f  v iew and the  numbers o f  
elementary p ieces  of  in fo rmat  i o n  i s  i n t e r e s t i n g  . The 
f o l l o w i n g  a re  f i g u r e s  i n  average: 
- the number o f  forms worked out  i n  one mine p e r  
year  i s  43,720,000 
- the  work r equ i r ed  p e r  year  t o  work ou t  the  forms 
i n  one mine 652,000 hours. 
The work ing out  o f  forms requ i r es  about 60 % o f  the  wor- 
k i n g  t ime o f  o f f i c e  c l e r k s  p e r  year. 
A research a t  mines i n  the  OKR show t h a t  up t o  
80 m i l l i o n  p ieces  o f  i n f o rma t i on  i s  worked out  p e r  year  
c o s t i n g  20-25 m i l l i o n  crowns a t  one mine on ly .  I n  s p i t e  
o f  t h i s  vas t  range o f  i n fo rmat ion ,  i t  i s  s t i l l  i n s u f f i -  
c i e n t  t o  cover  a l l  t he  requirements o f  management. A t  
a  mine 3,500 v a r i o u s  types  o f  forms a re  used whereas:: 
a t  a h i g h e r  l e v e l  o f  management the  requirement i s  
10,000 va r i ous  types, These forms a re  worked out  f o r  
va r i ous  t ime sca les  and w i t h  va r i ous  r e p e t i t i o n s ,  T h i s  
means t h a t  t h i s  h i ghe r  l e v e l  o f  management ( i n c l u d i n g  
the lower  l e v e l )  !has f o r  i t s  use about 2  m i l i a r d  p ieces  
o f  i n f o rma t i on  a l l  t oge the r  (we mean o n l y  w r i t t e n  i n f o r -  
mat ion,  f i g .  1 ) .  T h i s  amount r equ i r es  10 m i l l i o n  hours 
o f  work. When we cons ider  t h i s  ex ten t  o f  i n f o r m a t i s  sye- 
tem, i t  i s  necessary t o  have i n  mind, t h a t  the  o n l y  aim 
o f  the i n f o r m a t i o n  system i s  i t s  be ing f u l l y  made use o f  
by on a l l  l e v e l s  o f  management. According t o  es t ima t i ons  
t h e i r  us ing  i n  management i s  about 8 %. 
I n  t h i s  case o n l y  p u t t i n g  automation i n t o  the  i n f o r -  
mat ion system means a  f i x e d  present  day s i t u a t i o n .  
I t  i s  o f  no va lue  t o  g i v e  more f i g u r e s  which a re  a t  
ou r  d i sposa l .  We o n l y  would l i k e  t o  show the  decomposit ion 
o f  i n f o r m a t i o n  accord ing  t o  the  frequency w i t h i n  the  t ime 
on t he  f i g u r e  2, 
We should l i k e  t o  mention some o f  the  problems, which 
e f f e c t  the  s o l v i n g  o f  i n f o r m a t i o n  systems. The f i r s t  most 
se r i ous  one i s  the  s l i p p i n g  o f  i n f o rma t i on  systems from 
the  h i ghe r  l e v e l  o f  management t o  the  lower  ones. When 
s o l v i n g  i n f o rma t i on  systems, we o f t e n  make mistakes by 
cons ide r ing  the  l i m i t s  o f  the  i n f o r m a t i o n  systems as 
i d e n t i c a l  w i t h  the  l i m i t s  o f  t he  o r g a n i s a t i o n  o f  the 
i n s t i t u t i o n  o r  w i t h  the  l i m i t s  of  the  l e v e l s  o f  mana- 
gement, I n  f a c t  t hey  a r e  no t  i d e n t i c a l  ( f i g ,  3). Under 
these circumstances an a n a l y s i s  i s  necessary. We can 
speak about the  c r e a t i o n  o f  a model i n f o r m a t i o n  system. 
On the  b a s i s  o f  t h i s  model we can determine t h a t  on one 
l e v e l  o f  management the  i n f o r m a t i o n  i s  used by h i g h e r  
l e v e l s  os management and as such these a r e  n o t  s u b j e c t  
t o  the  l ower  l e v e l  o f  aanageaent. The s o l v i n g  o f  t he  
e n t e r p r i s e  i n f o r m a t i o n  system concerns a  much s m a l l e r  
p a r t  than i s  g e n e r a l l y  supposed. T h i s  advantage i s  
o n l y  seeming, b  e  c  a  u  s  e  b  y  p  a  r t i a  1 
s o l v i n g  w e  c a n - t  a c h i e v e  t h o s e  
r e s  u  1 t s  s  u  c h  a  s  complex s o l u t i o n s  o f  i n f o r -  
mat ion  systems. 
T h e  r e s u l t  i s  t h a t  t h e  s o l -  
v i n g  m u s t  b e  l e d  f r o m  t h e  t o p  
t o  t h  e  b  o  t t o  m . I t  means from the  h i g h e r  l e v e l s  
- o f  management t o  the  l ower  ones. T h i s  cons lus ion  i s  
t h e  r e s u l t  os research o f  t h e  process of  i n t e g r a t i o n ,  
The mentioned s l i p p i n g  o f  t h e  i n f o r m a t i o n  system 
o f  the h i g h e r  l e v e l  i n t o  the  l ower  one i s  r e a l l y  exten- 
s ive ,  Fo r  i ns tance  on t h e  b a s i s  o f  the  model made by 
the  method DIS we learned,  t h  e  m i n  e  - s  o  w n  
i n f o r m a t i o n  s y s t e m  i s  o n l y  2 0 %  
o f  a 1 1  i n f o r m a t i o n  i n  . t h e  m i n e *  
When a  s o l u t i o n  i s  found f o r  an i n f o r m a t i o n  system a t  
t he  mine, o n l y  the  above mentioned 20 % may be so lved 
and the  remaining 80 % must be so l ved  as  an i n f o r m a t i o n  
system o f  a  h i g h e r  management l e v e l  ( f i g .  4) .  
The way o f  s o l v i n g  i n  the  d i r e c t i o n  from bottom t o  
t h e  top cannot be r e a l i z e d .  The e n t e r p r i s e  when speaking 
about s o l v i n g  i t s  i n f o r m a t i o n  system, has the  r i g h t  t o  
s o l v e  o n l y  those 20 %, bu t  the  g r e a t e s t  problem i s  t o  
determine which 20 % i s  concerned. The genera t i on  c h a i n  
i s  so g r e a t  t h a t  w i t h o u t  making an adequate model, t h e  
s o l v i n g  o f  the  problem i s  impossib le.  
Because o f  l i m i t e d  t ime we present  o n l y  b r i e f l y  the  
bas i c  p r i n c i p l e s  o f  s o l v i n g  i n f o r m a t i n  systems, t a k i n g  
i n t o  cons i de ra t i on  as a  ma t te r  o f  course the  use o f  modern 
a r c h i t e c t u r e s  o f  i n f o rma t i on  banks. 
1. The i n f o r m a t i o n  system i s  v e r y  ex tens ive  and pa ins tak ing .  
The bas ic  aim o f  i t s  s o l u t i o n  i s  t o  a t t a i n  i t s  
p r o f e s s i o n a l  m a n a g e m e n t  i n  
f u n c t i o n i n g  a n d  d e v e l o p m e n t .  
2. The co rne r  stone o f  the i n f o r m a t i o n  system i s  a  n  
e l e m e n t a r y  i n f o r m a t i o n . T h e r e i s  
a  b i g  q u a n t i t y  o f  t h i s  i n fo rmat ion .  A  h  a  1 f 
s t e p  m u s t  b e  m a d e  i n  t h e s o l v i n g  
process. An express ion  i s  be ing  made - i n  f o  r m a  - 
t i o n  s e t  . 
3. The i n f o rma t i on  system i s  unknown. There fore  i t  must 
be recognized and d  o  c  u  m e  n  t e  d  . 
4. The i n f o r m a t i o n  systems mean a  s e r v i c e  f o r  i t s  users. 
We work w i t h  t he  express ion - a  c  t i v  e  u  s  e  r . 
T h i s  express ion i n  o u r  system s o l v i n g  g i ves  the  r i g h t  
t o  pu t  demands on the  i n f o rma t i on  systems and make use 
o f  the  i n f o r m a t i o n  system and the du ty  t o  supp ly  
i n f o rma t i on  i n t o  the  i n f o r m a t i o n  system. 6 y  t h  e  
c h o i c e  o f  a c t i v e  u s e r s  t h e  
s o l v e r s  d e t e r m i n e  t h e  r a n g e  
o f  s o l v i n g  o f  t h e  i n f o r m a t i o n  
s y  s  t e m . An a c t i v e  user  may be f o r  i ns tance  the  
dec id ing  process, t he  o rgan isa t  i o n  department, 
s i n g u l a r  a c t i v i t y  managers, e t  c. 
5. The s o l v i n g  o f  t he  i n f o r m a t i o n  system demands i t s  
c  e  n  t r a  1 i s  a  t i o  n  department which works 
ou t  t he  s o l u t i o n  and makes the  whole i n f o r m a t i o n  
system func t i on .  I t  i s  c a l l e d  I C  - I n f o rma t i on  
Centre. 
6. The s o l v i n g  o f  an i n f o rma t i on  system must be done i n  
a  complex manner f o r  the whole l e v e l  o f  management. 
1 t - s  no t  poss i b l e  t o  make o n l y  p a r t  s o l u t i o n s .  
7. The o n l y  decomposit ion o f  i n f o rma t i on  systems i n t o  
sub-systems, i t  means i n f o rma t i on  s e t s  o n l y  t he  f i r s t  
s t e p i s m a d e ,  I t  i s  n e c e s s a r y  t o  
m a k e  g e n e r a t i o n  c h a i n  i n f o r m a -  
t i o  n  s  e  t s  ( b y  the  he lp  o f  t he  method D I S )  t he  
so c a l l e d  g o a l  cha ins  a re  gained. These are  the  t r u e  
subsystems o f  i n f o rma t i on  systems. 
8, The cha in  i n f o r m a t i o n  se t s  are another  sub jec t s  f o r  
so l v ing .  What i s  impor tan t  f o r  us i s  the  f a c t  a  1 1 
c o r r e c t i o n s  m a d e  i n  o n e  g o a l  
c h a i n s  w i l l  n o t  o v e r  - s t e p  
i t s  1 i m i t . Fo r  example the  s o l v i n g  o f  the  
whole I S  o f  the  e n t e r p r i s e  w i l l  f a l l  apa r t  about i n t o  
3,500 sub-systems t h a t  can be g r a d u a l l y  solved. The 
g o a l  chains a re  a b s o l u t e l y  c losed aga ins t  any changes 
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Tns past  few years have seen the 
int roduct ion of mini-computers on an 
increasing sca l e  at c o l l i e r i e s  i n  the  
B r i t i s h  coa l  industry. These a r e  being 
used f a r  con t ro l l ing  underground tra~s- 
po=t sys t ens, coa l  preparation p l m t s  
and fixed p l a ~ t  (FJmps e t c. ) ; and f o r  
monitoring the nine exvironment and 
face  operations. A separa te  mini- 
c o q u t e r  (termed a primary computer) is 
dedicated t o  each of these  f h c t i o n s .  
The ove ra l l  s y s t e r ~  under which these  
c o n p ~ t e r s  operate is a common one which 
is appl icable  a t  a l l  c o l l i s r i s s -  Ths 
information col lected by t h e  primary 
computers, other than t h a t  required for  
immediate control ,  w i l l  be fed t o  a 
secondary computer for  ana lys i s  and 
processing. This ove ra l l  concept, 
c a l l ed  MIIJOS (MINe Operating system) is 
being developed by ths  Natioaal  Coal 
Board's Mining Research and Development 
Establishmsnt (14.R.D.B.). Eventually 
most of the data required by the  system 
w i l l  be captured au tomt i ca l l y .  For 
example, t h e  f ac t  t h a t  a delay has 
occurred on a face,  together with the  
durat ion of tha t  delay,  w i l l  be detec- 
ted automatically v i a  transducers l i n k  
l inked t o  a primary computer. However, 
t he  reason f o r  tha t  delay w i l l ,  i n  a l l  
l ikel ihood,  have t o  be recorded 
manually. Such a system is cur ren t ly  
under development with t h e  f i r s t  t r i a l  
i n s t a l l a t i o n s  now beins  mde. 
It will, however be so:== t i n e  before 
these systems a r e  fu l l y  develo~ed =d 
in the  i n t e r v e ~ i n g  pericd it  w z s  thosgSt 
t h a t  usefu l  experience woaM be gained 
by using a secondary compter  2s t he  
basis  f o r  a n  i n f~ rn ra t i on  s p t e s  wlth 
t he  prime da ta  being fed i n  mamallg. 
Accordingly a team composed of s t a f f  
from the Boszd's Computer Services 
(Coinpo-.qer Ltd) and Operational Research 
Executive, under t h e  direction'  of 
Doncaster Area Computer Liaison Office=., 
was s e t  up t o  d w e l o p  and instzll such 
a comput er-based managemezt ioformntion 
system at a c o l l i e r j .  
The team hsd t h e  follo;lring terms of 
reference: 
( i )  To study the information 
cu r r e s t l y  used by amagemtnt a t  
the  c o l l i e r y -  
( i i )  To i d e n t i f y  impro~enents i n  
qua l i ty ,  quant i ty  a d  presentation, 
of info-mat ion  which would a id  
mamgemeat - 
( i i i )  To i d e n t i f y  the  most e f fac t ive  
and ecocooic means of providing 
the  information having reg&-d f o r  
a l l  t he  l a t e s t  computer and aut- 
omatic d a t a  co l lec t ion  equipment. 
( i v )  To recom.nend how these techniques 
could.be implemented t o  inprove 
cont ro l  o f  coll ier;  opera: ions. 
THE COLLIE2'L 
The c o l l i e r y  chosen fo r  the exercise 
w a s  Bentley Col l ie ry  i n  the  Yorkshire . 
coa l f ie ld .  This is one of Doncaster 
Area's t en  working c o l l i e r i e s  and it is 
s i t u a t e d  about four  miles north of 
Doncaster t o m  centre.  
Trad i t iona l ly ,  t he  c o l l i e r y  has 
worked both the  Barnsley and Dunsil 
seams, and s ince  1972 all production 
has been from t h e  Dunsil seam which 
l i e s  about 1,900 f t  below ground at 
Bentley. Currently,  Ben';ley Col l ie ry  
works t h r ee  f u l l y  mechallised faces ,  one 
using a double-ended ranging drum 
shearer  and the  o thers  single-e3ded. 
Two faces  operate  advance mining ma 
one r e t r e a t  mining. Underground trans- 
port is by conveyor. Output is f a i r l y  
steady at  around three-quarters of a 
mill ion tonnes per annu!, with over ha l f  
of t h i s  coa l  destined f o r  power s t a t i o n  
consumption, New rapid loading bunkers 
enable a f a s t  turn round f o r  un i t  
t ra ins .  About 15% of t h e  output is for  
the  docestic market, t he  r e s t  goes t o  
l o c a l  industry ,  smokeless fue l  p lants  
and miners fuel .  
TEE INFORMATION SURVEY 
A s  a f i r s t  s t e p  a survey was under- 
taken t o  i den t i fy  the  ex i s t i ng  infor-  
mation flows. A l l  c o l l i e r y  departments 
and l e v e l s  of management were consulted 
and s a q l e s  of forms i n  use collected.  
From these  a number of apa l ica t ion  areas  
were i d e n t i f i e d  and these  are shown 
schematically i n  Figure 1. 
The forms were then znalysed t o  
i den t i fy  t h e  prime da t a  which was being 
recorded. Prime d a t a  i s  t h a t  informa- 
t i o n  which is based d i r e c t l y  on physi- 
c a l  occurrences and is not derived from 
other  data. For example, face  advance, 
face leng th  and working height a r e  a l l  
items of prime data. Face production 
however, is not ,  being estimated from 
these  parameters. 
The da ta  w a s  c l a s s i f i e d  i n t o  17 major 
f i e l d s  o: app l ica t ion ,  9 of which 
r e l a t e  to  production. It w a s  noticeable 
tha t  some items of inforination were of 
i n t e r e s t  t o  one departnent only but, i n  
general ,  production d e t a i l  was used by 
r o s t  departments. Since the  data col- 
l s c t ed  on production was so widely used 
a d  processed i t  was concluded tha t  t h i s  
f i e l d  of information should be t h e  
i n i t i a l  one fo r  computer application. 
The computer chosen was capable of 
accepting data input manually and of 
izt erfacing with t he  computers already 
iAnstalled at t h e  co l l i e ry  for  control- 
l i n g  underground t ransport  and f o r  
no&t oring the  environment, 
Work toward developing the  basic  
computer programs (software) w a s  under- 
taken i n i t i a l l y  a t  M. B.D .E. Compower 
asrd O.R.E. then extended and fu r the r  
developed t h i s ,  wr i t ing  addi t ional  
p,-ogr3ms and increasing t h e  scope of 
t he  software. Much of t h i s  work w a s  
=dertaken on-site a t  Bentley. Close 
l i a i s o n  was maintained throu@out with 
I.:.9.D.E., who a r e  sti l l  working i n  
s imi la r  f i e l d s ,  i n  order  t o  ensure the  
s;:s tern was compatible with possible 
l u tu re  automatic da ta  capture. 
The computer and re la ted  terminals 
:isre i n s t a l l ed  at t h e  co l l i e ry  i n  April 
1978 and a two-week trial of t h e  system 
f ollo-xed, with f u l l  24-hour supervision 
provided by O.R.E. and Cornpower. 
Amendments were introduced as a 
r e s u l t  of experience gained during this 
t r i a l ,  and the  f i r s t  s tages  of t he  
s::stem became f u l l y  operational at the  
beginning of May 1978- 
The production information system at 
Eentley Col l ie ry  is based on t h e  
PilP 11/34 mini-comput e r  manufactured by 
Dig i t a l  Equipment Corporation- This 
computer, tosether  with the  o ther  equip- 
oent mentioned i n  this paper, is shown 
diagrammatically i n  Figure 2, 
Data is input t o  t h e  computer v i a  a 
Tektronix 4006-1 graphical  d isplay 
terminal located i n  t h e  Control Room. 
Another Tektronix is located i n  t h e  
Deputies * (Foremens * ) Office fo r  use 
mainly by the  Undermanagers and by on- 
going face Off ic ia l s .  It is a l so  planned 
t o  i n s t a l l  a Tektronix i n  t he  main 
Management Office Block. 
ATTENDANCE / 'I 4 
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Figure 2 - The Equipment 
Reports may be produced on any of 
the  Tektronix screens,  o r ,  i f  a more 
permanent copy i s  required on a pr in te r  
(an LA36 Dec-writer) . 
L 
The main control  console of the  
system is a Case Vistar visua l  display 
unit. This is used by the Operator fo r  
s e l ec t ing  ( ca l l i ng )  programs and deter-  
c in ing  against  which of the  three 
Tektronix they w i l l  run, The system 
allows f o r  all three  Tektronix t o  be 
used simultaneously by d i f f e r en t  users ,  
using d i f f e r en t  p-wgrams. 
FIX0 I O . 
noppy disk'  
(> 
' arckive d i sk1  
Data input t o  t he  computer is stored 
on an RKO5 disk. A t  midnight the  
corn~uter automatically archives  the 
day ' s  data  t o  another RK05 disk,  thus 
producing a dupl icate  copy of a l l  
information held by t h e  systen. This 
reduces the chances of  information lo s s  
due to  the f a i l u r e  of a disk.  A disk 
w i l l  hold the  order of 6 months' 'data 




GRAPEISAL DISPLAY TERMINALS 
A l i nk  between the  .PDP 11/34 
(secondary) computer and the  primary 
computers (coal  clearance, environ- 
mental and production monitoring) is 
current ly  being developed, Tkis w i l l  
allow for  t h s  long-term storage/ 
analysis of primary data. 
-f 
-- n 
. . , - - - - ,  
CASE VISTAR VDU . . .  . . .  . , 
DEC PDP 11/34 
MINI-COMPU'rn  
LA36 DEC-':mITER 
A CLIEL" ORIELTED SYSTEM 
A basic pr inc ip le  l a i d  down ear ly  on 
was that  t he  system must be designed t o  
s a t i s f y  the requirements of the c l i en t  
- t ha t  is the caqagemeat concerned. 
Individual managers have d i f fe ren t  
s t y l e s  and indeed a l l  c o l l i e r i e s  a r e  
d i f fe ren t  t o  a grea te r  o r  l esser  degree. 
While t h e m  is obviously a central  core 
of informstion which is imaediately use- 
f u l  t o  mansgemeat at all col l ie r ies ,  the  
system must be capable of easy modific- 
a t i on  t o  produce the  inforaat ion and 
forms of presentation t h a t  any indivi-  
dual manager conceives as being the  most 
useful  t o  him. Unless t h i s  is s q t h e  
new system w i l l  not be used and the 
manager -:.*ill e i t h e r  r eve r t  t o  h i s  old 
ays tes  o?, i f  t h a t  is not poss ible ,  a 
f e e l i s g  of i r r i t a t i o n  w i l l  be created. 
The o v e r l l l  r e s u l t  being a de te r io ra t ion  
i n  the  standard of t h e  information 
sys t  eri a s  opposed t o  t he  pla-med 
improvecsnt , 
A t  t h e  same time t he  s p t e m ,  once 
develope.2, mst be e a s i l y  t rans fe rab le  
t o  o ther  c o l l i e r i e s .  Otherwise a con- 
s iderab le  amount of  e f f o r t  w i l l  be 
wasted i r r  c rea t i ng  a completsly new 
systen each time. 
  OR EX TI ON now TO THE COMPUTER 
The l ~ f a r ~ a t i o n  flow i n t ;  t h e  
in forza t ion  ~ ; ~ ~ t a 3  a  Bentley is as 
follo:4s : 
Should erroneous da ta  be input (as 
nay, happen, f o r  example, when a delay 
is reported i n i t i a l l y  as being due t o  
X but is subsequently foimd t o  be due 
t o  Y) the  Control ler  can correct  t h e  
information held by the  computer. A l l  
da ta  input s i nce  the  start of the  night 
s!zift of the  previous day is access ible  
f o r  ed i t i ng  i n  t h i s  way. 
A t  the  end of  the  S h i f t  
A t  t he  end of t he  s h i f t  t h s  Control- 
l e r  inputs  manpower f igures ,  d e t a i l s  
of the face  end s i t u a t i o n ,  and the  
number of sk ips  wound, The number of 
roadway supports  s e t ,  and the  manning 
on each rlevzlopnent is s imilar ly  
processeu. 
Budget& tandards 
a S h i f t  
2urL:g a s h i f t  d e t a i l  of  machine 
pos i r i o r  slong the  f ace  is co l lec ted  
regclzrl ;  by t h e  Control ler .  Whenever 
t h e r s  is s stoppage on a face ,  t he  
reason I z r  the stoppaqe acd the  current  
mscklne zos i t ion  d r e  reported by face 
o f f i c i a l s  t o  t h e  Control Room. (The 
s top  and re - s ta r t  times of the  face a r e  
noted. ) I n  general  most delays longer 
than a b o ~ ?  f i v e  minutes a r e  r e p r t e d  i n  
t h i s  way. 
The Control ler  inpu ts  t h i s  delay and 
machine - s i t ion  infarmation i n t o  t h e  
Computer v ia  t he  Tektronix by answering 
a s e r  of simple questions. The da ta  he 
inpu ts  is displayed back t o  him i n  t h e  
f o r .  of  z graph of machine posi t ion 
aga izs t  time f o r  vez i f i ca t ion .  H i s  
f a m i l i a r i t y  with t he  'usual '  gradient  of  
l i c e s  on t h i s  graph usua l ly  enables him 
t o  spot  any unreported delays  of s i gn i f -  
i can t  durat ion,  o r  o ther  inconsis tencies  
in  the  icformation he has received. 
A two-part code is used f o r  input- 
t i n g  reasons f o r  face  stoppages. These 
codes are f a i r l y  comprehensive and a r e  
compatible with delay codes used 
na t i ona l i y  within the National Coal 
Board. Experience has s3oun tha t  
Cont ro l le r s  have l i t t l e  d i f f i c u l t y  i n  
usir.g t he  codes, and we have found they 
convey irformation with an acceptable 
l e v e l  of d e t a i l  f o r  management needs. 
A f i l e  o f  budgets/standards/face 
s t a t i s t i c s  is held on the  c o a p t e r .  
This is updated as snd when necessary. 
The in t rodxct ion of new faces t o  the  
system, o r  the removal of exiiausted 
faces,  involves t h e  use of only one 
program, and is car r ied  out by c o l l i e q  
personnel. 
Reports produced by t he  system a r e  
ava i lab le  on request  t o  all members of 
the  Col l i e ry ' s  management team, Certain 
repor t s  are a l so  prodaced and i ssued 
regu la r ly  on a s h i f t ,  da i ly ,  weekly a d  
nonthly basis .  It is not poss ible  i n  
a paper of this length  t o  ou t l ine  a l l  
of these  but some examples w i l l  be 
given. 
In-Shi f t In f  orc.at i on  
The graph of face  machine pos i t ion  
has already been mentioned. An example 
of t h i s  is shown i n  Figure 3, 
I n  addi t ion,  a log of a face ' s  
performance t o  da t e  i n  t h e  s h i f t  is 
.also avai lable ,  
Figure  3 - Graph of Face Machine P o s i t i o n  
On t h e  Tekt ronix  l o c a t e d  i n  t h e  
Deputies '  O f f i c e ,  t h e  c u r r e n t  repor ted  
s t a t u s  of a l l  p rodact ion  u n i t s  may be 
d isp layed  by simply p r e s s i n g  a button. 
The machine p o s i t i o n  graphs and l o g s  
descr ibed  above may a l s o  be obtained 
by s e l e c t i n g  t h e  r e l evac t  Tektronix 
keys. 
Shift-End Information f o r  tha t  s h i f t .  
A t  the end of each shift a pr inted An example of the  repo-t is shown 
repor t  i s  produced summarising perfor-  i n  Figure 4. 
mance. This inc ludes  a completed l o g  
Figure 4 - End o f  S h i f t  Report 
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ADVANCE CHOCKS I N  BAD GROUND 
PfeGe-SUPPORTS 
SNAP TIHE 
MeGI-TIMBERING UP OVER CHOCKS 
RE-GRADE PANS LIFTING AFC 
SHIFT CHANGEOVER 
The headings of t h i s  r e p o r t  a re :  The lower par t  of the  repor t  shows 
an example of  t h e  complete face-shif t  
l o g  with d e t a i l  of  t ime,  machine 
pos i t ion  and a c t i v i t y .  
1. Unit i d e n t i f i c a t i o n  
2. Aurnber of c u t s  made 
3. Xumber of ploughs msde 
4. Estimated s a l e a b l e  t onqes (This is 
based on s tandard  tonnes per c u t  and 
face  length  f i g a r e s  held  i n  t h e  
computer. These a r 3  up-dated as and 
T:~hen they change.) 
5. Metres c u t  (This being required  f o r  
t h e  Incen t ive  Scheme non i to r ing  - 
described l a t e r .  ) 
6. Judget metres c u t  (This  budget 
f i g u r e  being t h e  metres r equ i r sd  t o  
be cut  f o r  each r a n  t o  achieve 
star-dard t a s k  - a s  def ined by t h e  
Incent ive  Agreemeat f o r  t h e  Unit.) 
7. 2roduc t iv i ty  index (Th is  is a 
zeasure of t h e  e f f i c i s n c y  of t h e  
perf  omanc e per  caii deployed. ) 
8. Delay - minutes (This is t h e  t o t a l  
delay time repoi-ted dur ing t h e  face  
ava i l ab le  time, excln2ing snap t i n e . )  
9. Ihnpower (The budget is the plilnned 
na3ning l e v e l ,  acd t k s  a c t u a l  r e f e r s  
t o  t h e  number deployea t h s t  s h i f t . )  
Eleven copies of  the  re?ort a r e  
produced automat ica l ly  on t h e  Dec- 
w r i t e r  and d i s t r i b u t e d  t o  the za?age- 
ment teag,  those  f o r  t h e  dayshif t  a t  
1.00 p.m., and f o r  the  other s h i f t s  the  
next mo-mhg. 
Day-End Information 
A c o l l i e r y  summary showing prod~.c t ion 
and manning d e t a l l s  together with 
percentage o< target achieved on each 
face ,  a35 t h e  run-of-mi~s  to.?nage f o r  
t h e  day is prociuced on a d a i l y  basis.  
An exam.ple o f  t h e  r e p o r t  is given i n  , 
Figure 5. 
This re;..o,-t m y  be p,xdsced a t  s h i f t -  
end i f  required. 
Longer Terrn 
A f a c i l i t y  is ava i l aS le  fo r  an 
ana lys i s  t o  be aade  of stoppaqes t o  azy 
f a c e  over any time period. 
Currently t h i s  r e p o r t  is being 
extended t o  include r i p p i n g  perfo-mace,  
a c t u a l  depth of c u t ,  and i d e n t i f i c a t i o n  The use r  is f r e e  t o  choose: 
of unreported stoppages. 
( i )  The f a c e  
( i i )  The time peziod 
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1 0 0 5 . 0  
AINOONS 137 
NIGHTS 105 
ALL 3 7 5  2823 .O 
( i i i )  The time l i m i t .  Only delays of mechanical o r  e l ec t r i ca l )  a re  
g r ea t e r  durat ion than t h i s  a r e  required,  o r  a l l  departments. 
considered. 
( i v )  Whether o r  not stoppages over all Cumulative production t o t a l s  a d  
s h i f t s  o r  j u s t  spec i f i c  s h i f t s  rnanpot~er, machine s h i f t s  worked, and 
a r e  requirad. percentage of target  achieved over any 
( v )  Whether t he  ana lys i s  covers: time period on any face may also be 
- all categories  and cause of produced. 
stoppage 
- just a spec i f i c  category (e.g. Examples of these  reports  are  given 
a l l  main machine s toppwes )  i n  Figures 6 and 7. 
- just a s p e c i f i c  category and 
cause of stoppage (egg.  main 
machine - rack-a-track) 
( v i )  Whether only stoppages relevant 
t o  a s p e c i f i c  deFtment (e.g. 
Figure 6 - Dolay Ana'.ys',s 
1 UAR 79 - 7 UAR 79 
DELAY ANALYSIS SHIFTS CONSIDERED= DhYS 
ALL CATEGORIES OF DEWY 
A U  CAUSES OF DELAY 
DELAYS GREATER THAN 20 HINUTES 
D34 FACE 
CATEGORY 













CAUSE NO OF 
occs 
CABLE HANDLER 1 
ADVANCE CHOCKS I N  BAD GROUND 1 
ADVANCE CHOU<S 1 
U.G.-NRNROUND 3 
U.G.-TTHBERING UP OVER CHOCKS 1 
T.G.-TlJRNROUhD 4 
TIGHT 1 
RE-GRnDE PANS L I F T I N G  AFC 1 
REPAIR JOINTS (BUCKLES), 1 
HATERIALS RUN 1 
BROKEN BELT 1 
BUNKER FEED BELT 1. 
OTHER STOPPhGES 1 
TOTAL 
DURATION 
. . . . . .  
DELAY ANALYSIS 
1 UAR 79 - 31 HAR 79 
SHIFR3 COHSIDERED= A/NOONS 
CATEGORY RERuESTEO= AFC 
A U  CAUSES O F  DELAY 
DELAYS GREATER THAN 10 HINUTES 
D34 FACE 
CAUSE NO O F  TOTAL 
OCCS DURRTION 
T.G. DRIVEHEAD ELECTRICAL 1 ' -  4s 
RE-GRADE PANS L I F T I N G  AFC 1 . - .  13 
. . 
. ---- 
58 - .-' 
---- 
Figure 7 ;- Period Production Report 
D l 0  F K E  
--------- 
m, o r  NO OF w m t ~ s  CUT P R ~ D  FACE 
STRIPS n/C SHIFTS &T  PUDG INDX OR9 
HAM SHIFTS 
TOTAL O/T 
M U R  STOPPAGES (Gi:EAtRP THAH 1 MINUTES> 
DURN D W I  MTE S H I F T  
1 4  FXE ENDS 
30 HO. 1 MaCHINE 
I S  GATE BELT 
40 NO. 1 n a c n x N c  
2 3  SUPPO.lTS 
3 SUPPORTS 
I S  NO. 1 MACHINE 
M 0 -TURNROUND 
UTER HOSE 
BLOCKED CHUTE 







3 0 C T  DAYS 
30CT DAYS 
3 0 f T  OAYS 
~ O C T  
6 0  OTHERS 
4 0  AFC 
3s FaCL ENDS 
1 2 5  FaCE ENDS 




1 0 0  STAGE LPhDER 
15 NO. 1 nACHINE 
1 0  FACE ENDS 
2 0  SUPPORTS 
CHAIN OUT JF RW 
UATER HOSE 
r . G . -'NRNRUU?ID 
A D V W E  CHOCSS 
2 6  SUPPORTS 
l d  SUPPORrS 
30 SUPPORTS 
30  FdCE EN03 
33 FACE EHDS 
1 7  SUPPORTS 
B SUPPORTS 
1 0  SUPPORTS 
CLEAN OUT cnccns 
A D V W E  CHOCKS 
ADVINCE CiiCCKS 
H.G. -TURNRCUNO 
Il 0.  -NSNRCUHO 
aovawcn  CHOCK^ 
aDvrrncE t ~ o c s s  
ADVANCE CHOCKS 





$ 4 f T  DAYS 
4 o c T  DAYS 
SOCT DaYS 
I S ¶  OTUERS WRKINO FACE ENDiS)  ONLY 
123 FACE ENDS T.O.+ICE END ~EHIND 
163 OTHERS 
11s OTHERS 
WRKING FPCS €ND(3> ONLY 
UORKING FACE END1S) ONLY 
4tXT NIGHTS 
40CT NIGHTS 
13 FACE ENDS 






SS FACE ENDS 
1 0  FACE ENDS 
1 5  FACE ENDS 
S3 FOCE ENDS 
S FACE ENDS 
4 2  FACE ENDS 










1 1 5  OTHE3S 
37 no. 1 HACHINE 
2 8  nFC 
0 3  NO. 1 MACHINE 
1 0  FACE ENDS 
22 SUPPORTS . 
4 1  F*CL ENDS 
2 2  SUPPORTS 
10 SUPPORTS 
1 0  FACE ENDS 
7 0  FACE ENDS 
YORKIW FPCE END(S) B U Y  
WAKING FACE END(31 ONLY 
TOG. ti4CHINE i O  CUT D U W C K  
RE-GRADE PaN9 LLFT IaG AFC 
T.0. H K H I N E  r 0  U I T  BUTTOCK 
1.0. -TURNROUND 
IDVAWCE CHOChS 
PI. G . -TURNfiOUND 
F W L T Y  CHOCKS 
ADVANCE CHOCKS 
T.O.-PUSHOVER 
MSG . -TURFIfiCUND 
f a C T  NIGHTS 
SOCT NIGHTS 




acT  DAYS 
1LS OTHERS 
115  OTVERS 
YORKING F&CE EIdD(TjJ ONLY 
YORKING FACE EHD(S) r l t rL r  
aocr NIGHTS 




ALL REFORTED EIELIIYS, TOTAL DURATT~I~?:Y ) 4 5rtIU)UrES 
The system has recent ly  been extended 
. to  cover: 
( i )  Development performanse 
( i i )  Detai ls /specif icat ions  nesded fo r  
imrnediat e re-ordering , on f a i l u r a  , 
of  any iteui of equipment on a 
production wit. 
( i i i )  Delay t rends  over any period up 
t o  a msucimu= of I 3  weeks. 
A data  bank is being created which 
w i l l  eventual ly  ecsble  addi t iona l  long- 
term t rends  t o  be detectsd.  
USES OZ ,SEPORTS 
A l l  r a ~ e v e n t  dLscussions bztween 'Le 
c o l l i e r y  maneger szd the  other  menbers 
of t h e  nsnagemont team a r e  centred 
around t h e  cad-of-shift s m r y .  A l l  
weekly acd monthly neetings t h a t  discuss 
production d e t a i l  z l so  use  t h e  informa- 
t i o n  derived from the computer - i n  
t h i s  case t he  delny report .  
Delay d e t a i l  cay be quickly and 
au tona t ica l ly  extracted f o r  an indivi-  
dual  delay type (o r  a l t e rna t ive ly  a l l  
types o f  delqv) , e.g. d e t a i l  'of A.F.C. 
delays on a? i n s t a l l a t i o n  s ince  t h e  
change may be reqcirad. In t h i s  case 
t h e  pr in tou t  w i l l  show the  frequency, 
durat ion and t o t a l  delay caused. 
The expected l i f e  of machinery can 
be determined  fro^ such a log.  
Machine gearboxes, haulage ends, etc. ,  
may be t r ea t ed  s i c i l a r l y ,  and providing 
condi t ions  of use remain s t a b l e  a comp- 
rehensive l og  of p5rformance of equip- 
ment can be deterzined. 
It is recognised t h a t  i n  a broad 
sense a fo-rm 09 Nethod Study assessment 
of machine p e r f o r r z c e  can very quickly 
be created by taking turn-round times, 
time taken t o  c u t ,  plough, operat ional  
delays  and eff ic iency.  These can be 
averwed over a s  many cycles  as required 
and over any time period s ince  t h e  
system was commissioned. 
Incent ive  Scheme 
During the  pre - ins ta l la t ion  period a 
national. incent ive  scheme was introduced, 
Broadly the  basis i s  extra  pay over and 
above t h e  day wage for  output beyond 
the  agreed norm. In addit ion payment is 
made when ce r t a in  types of delay exceed 
20 minutes. The computer-based infor-  
mation system has pro-red t o  be invalu- 
ab l e  f o r  el iminating disagreements over 
these  payable delays. 
F i r s t  t he  s h i f t  log  is checked 
against  t he  Deputy's time sheet. Any 
difference i n  time i s  adjusted t o  the  
log  and any delay payable as interrup- 
t i o n  t o  work w e e d  and i n i t i a l l e d .  
Delays not payable under the  incentive 
agreement a r e  eliminated and the  reason 
noted. The lngs  a r e  kept and at t h e  
end of the  week, the  information is 
provided t o  the  face team. Any 
discrepancy between t h i s  information 
and what the  team expects can then be 
Ciscussed and agreement reached. 
Fas te r  Re-ordering 
The computer system now holds infor-  
mation on the  majorparts  of the mech- 
- ical  equipment used on each production 
and development unit and this reduces 
the  delay in re-ordering. Each pa r t ' s  
name, number, NCB vocabulary number, 
c en t r a l  s t o r e  loca t ion  aud bin numbers 
can be displayed on the  Tektronix in 
t he  Control Room. A . typ ica l  d isplay 
f o r  the  crawler t racks  f o r  developaent 
machines at t he  Col l iery  is shown in 
Figure 8. Thus the  engineers have 
immediate.access t o  t h i s  information so  
t h a t  the  re-order ing process can begin 
straightaway. 
EXPERIEKE W I T H  THE SYSTEM 
Basing t h e  management information 
system upon a secondary computer has 
proved t o  be a success. The flow of 
information has improved and management 
a t  a l l  l e v e l s  use t he  repor t s  and 
request information from the systern. 
The Control Room operators are keen on 
the,system and have adapted wel l  t o  it- 
!key can become f u l l y  conversant with 
it within one week. Any occasional 
user  can - in te r roga te  the  data  f i l e s  t o  
produce a report  with a few minutes' 
ins t ruct ion.  
Figdre 8 - L i s t  of  Spares f o r  a 
Development Machine 
Two major extensions are now under- 
wsy. F i r s t  of all t h i s  zanual-input 
system is being integrated with the  
automatic data  capture system developed 
by H.S.D.E. Secondly, the  f e a s i b i l i t y  
of a computerised manpo:~er.deployment 
scbeae has been es tabl ished and work 
has just  begun upon its i n s t a l l a t i on ,  
LESSONS TO BE W3h'ED 
There a r e  a nuaber of lessons t o  be 
learned from the  experieaces a t  Bentley 
Col l iery.  
1. The pr inc ip le  of c l iez t -or ien ta t ion  
has proved t o  be fundazental in 
obtaining management ' s enthusiasm 
and co-operation. 
Development and modification of the  
syetem has always bee2 a co-operative 
venture between managsnent and the  
technics1 personnel. This has led  
to  mutual understanding of the  
problems involved i n  c rea t ing  a 
cmputer-based a y s t e ~  t h s t  w i l l  
ac tua l ly  be used by cz?agement. 
3. Successful implementat ion of the 
sgstem undoubtedly benefited from 
t h e  24-hour coverage provided by 
the  technical  personnel during the 
i n s t a l l a t i o n  and t r a in ing  period. 
4. Valuable experience has  been gained 
by management in the  use of computer- 
based information paving the  way f o r  
a system using autometically-captured 
data. It is t r u e  t o  say,  however, 
t ha t  fur ther  experience and t ra in ing  
is necessary i f  t he  f u l l e s t  use is 
t o  be made of the  sys t ea  by manage- 
ment,- and i f  long t e r n  ana lys i s  of 
info-mation and t rends  i n  t h e  da t a  
is t o  be successful ly  interpreted.  
The Director of the  Doncaster Area, 
PC. J.E. Wood, gave f u l l  support and 
encouragement t o  t he  pro jec t  i n  h i s  
capaci ty  of Chairman of t he  Major 
Development Committee (Comprehensive 
Monitoring) f o r  t h e  industry.  The 
authors a r e  g ra t e fu l  f o r  h i s  agreement 
t o  publication of the paper. 
There has been close co-operation 
throughout between M.R .DIE., Compower, 
0.R .E., and Bentley Colliery. 
The opinions expressed i n  t h i s  
paper are those of the authors and 
do not necessar i ly  represent those of 
t he  National Coed Board. 
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Within a period of 1963-1966 as a result from a broad 
training action among the managerial staff of enterprises 
in the coal mining industry, several attompts were made to 
apply the PERT method for planning and control in the reali- 
zation of investment and production undertakings in collieries, 
mrning construction enterprises and in mining machinery 
works i2oJ. 
Single attempts of using in hard coal minos the so called 
selection procedure algorithm for distribution of production 
at sections and faces which developed in UK, have been made 
in the years 1966-1969 [3] .  At that time the linear pro- 
gramming method was competetive to the selection procedure 
used for solving these problems, 
Contrary to the selection procedure the linear programming 
method was applied for determining the working schemes at 
given faces and sections by means of a computer [ b ]  . 
Basing on the computer techniques and linear programming 
method it became possible to carry out the study research 
on the perspective development of coal mines on the mining 
industry scale L I ~ ] .  
By the end of the fifties the carried orrt research works 
have shown the usefulness of the regression models usage 
in forecasting for the purpose of planning the production 
activity and the coal mine investment [9]. 
Later on this studies have created also the basis for joint 
usage of the simulation method and the regression analysis 
for the purpose of the economic efficiency evolution of the 
planned undertakings 11 2 ] , 
The gained experiences in the field of operation research 
application for planning in the hard coal mining industry 
have shown that the high labour - consuming process of data 
aquisition made their propagation impossible, 
Quite often the problema of evaluating proper values of 
input data basing on the running accountancy have occurred. 
This resulted mainly from the shortcomings of statistical 
information within the traditional system, which has not 
assured the observation of attained results in the production 
and investment activity according to conditions of its 
operation, 
Permanent applioation of the above mentioned operation research 
methods in the Polish mining industry was made difficult due 
to the complexity of data preparation according to the 
required, by appriopriate computer optimalization program 
packages forms. 
It was also difficult because the output sheets have been 
printed by the standard program packages in a fonnsthat were 
not suitable for the majority of the users, 
The essential progress in the computer application and re- 
search operation methods for planning problens I J ~ S  attained 
as a result of works, originated at the end of the sixties, 
on the MODEL OF COIIPUTERIZED EIAMAGEPlETm SYSTETIS IN TRE HARD 
COAL ~~G INDUSTRY [ l o ] ,  1171. 
Due to tho mutually integrated analytic-accountiiq and 
planning sygtens and the usage of modernized book-entries 
and recordings in the analytical-accounting systems and 
also due to the implementation of essential improvements 
in methods and techniques of the perspective, medium-range 
and operational planning of production investments, material 
supplies etc. it was possible to create in the model con- 
ditions for the permanent utilization of mathematical ne- 
thods and computers in the planning practice of the coal 
mining industry. The functional scope and the basic solutions 
as well as the mathematical methods used in the p2axming 
systems which forn the MODEL O F  COMPUTERIZED MANAGEMENT 
SYSTEMS IN THE HARD COAL MINING INDUSTRY have been charate- 
rized in this paper, 
Special emphasize was laid to those systems in which the best 
progress was obtained within the range of substantial solu- 
tions and by their implementation into industrial practice. 
It is worth to mention that the solutions described in this 
paper are the result of works oarried out by a big w o u p  
of research workers which profit by the help of many speoia- 
lists from pilot mines and coal mine areas. 
2, P R I N C I P L E S  AND B A S I C  SOUITIONS ADOPTED TRE CO1-lPU"lXRIZED 
PROGRAM O F  TRE P-G ACTTVITY I N  TBE POLISH HARD COAL 
MINING INDUSTRY. 
For the purpose of the computerized planning activity 15 big 
computer systems have been distinguished in the MODEL OF THE 
C0EWUTERII;ED MANAGEMENT SYSTEMS I N  THE COAL m I N G  INDUSTRY 
/fig. I/, 
Within the management process, they fulfil - in general - 
two basic functions in the decision cycle, viz, k15:: 
l o  - Efficiency forecasts on different variants of the in- 
tended activity within the field of production; invest- 
rnent,auxiliary and sewice facilities in the coal 
mining industry, 
2O - Performing, under the considered variants, such a selecr: 
tion which, on assumed conditions and criteria will 
assure an optimum economic effect, 
These etystems are integ-rated both among themselves and with 
other 20 analytic-aocounting systems, The task of the last 
systems is to exercise two remaining basic functions in the 
decision cycle with r e w d  to the event recording and current 
evaluation of the operation efficiency, In this way the 
pl- systems together with analytic-accounting ones, 
incorporated in the MODEL, create conditions in which the 
computerization covere the whole decision cycle connected 
co production, investment auxilliary and service activity 
within the ooal mining industry, The MODEL comprises all 
levels and phases of management from data collecting and 
analysis of a sufficient amount of source data to decision 
making and control of their realization, 
For achieving the highest management efficiency the following 
rules have been applied in the systema of planning activity 
computerization 11 51 , [I 71, 
1. Settinc production and in-~estmont plans on the basis 
of multi variants planning offers the c o d  mines tender 
for production assigmxents and resources for their 
accomplishment. 
2 ,  The usage of advanced planning is based on the cyclic 
updating of plans and keeping the tima horizon as 
a constant value. 
3. The usage of identical for all planning offers, forecasting 
methods of the evaluation of their economic efficiency, 
4. Inseperable elaboration of production and investment 
plans for all mines in one integrated proeadure of 
investment and production efficiency evaluation, 
5. b l a k i n g  an optimum choice of planning tender sets from 
the viewpoint of all-branch criteria and conditions. 
6 ,  Setting production and investment plans in such a way 
and so detailed that they could be treated as a basis 
the 
for operatingvauxiliary and service activity planning 
systems which contain investment execution, material, 
machine and device supply, employment etc, 
7. Elaboration of plans for the auxiliary and service activity 
based on the application of variant solution methods, 
which enable to present solution sets with a given pro- 
vision to the highest economic efficiency. 
In order to create conditions for full introduction of the 
above mentioned seven principles which improve the basic 
elements of the previous planning procedure into the mining 
industry practice several detailed system and designprogram 
solutions as well as solutions concerning the usage of 
appriopriate mathematical methods have been used in the 
MODEL OF COMPUTERIZED MANAGEbIENT SYSTEMS, The main of them 
me [ i s ]  , 
1, The application in the analytical-accounting systems of 
modern book-entries, recording and clearing methods, assuring 
not only the profoundness of the internal seu-accounting 
system, but also giving the universal information base for 
the purpose of prognostio methods of decision efficiency 
and optimization that are used in the planning eystems, 
Special attention is paid on the individualized observation 
method of elementary economic proceedings, which enables the 
reoording and settling of expenditures with regard to different 
the technique and production technologies, 
2. Creating in the analytical-accounting systemhighly effi- 
cient information banks, equipped with univeral packages of 
programs, which make possible of getting such information 
and analysis sets, which are not only useful for improvement 
of the current management, but also - what seems to be more 
important will nprornptn the planning services with appropriate 
variants of planning offers . 
3. Applioation of similar as in the case of analytic- 
accounting systems, such design - program solutions, which 
enable the implementation and operation of particular systems, 
subsystems and sections or nodules both in connection with 
other systems/subsystems, sections or modules/ and indepen- 
dently. These solutions have a rema~kable significance for 
the realization of the idea in step by step implementation 
of the oomputeriaed planning activity in the coal mining 
industry. The solutions allow for carrying out the works 
by stages and for selective ohoice of computerization. 
4. Progressive nintroductionn of improved, and quite often 
more difficult /which require more computer time/ balancing, 
forecasting and decision optimization methods into particular 
systems. 
5. Application of solutions enabling automatic generation 
of optimized models by means of a oomputer /for example 
automatic generation of linear pro,?pamming matrices, detailed 
networks and activity data in case of the PERT method etc./ 
and the automatic flow of statistical data, from analytic-- 
accounting systems, which are indispensable for creating 
and updating econometric models /cog. regression equations/ 
which have been assumed for the forecasting purpose. 
6. Application of objective, scientifio forecasting methods 
/eee. methods of regression analysis, simulation, ana-l.yses 
of time series/ and of decision optimization /e .g.  linear 
programming, PERT method/. 
7. The desi-, within the framework of particular systems, 
of magnetic files, containing a catalogue of typical planning 
elements with full technical and teohnological data / e . g ,  
filee with catalogues of typical development works together 
with such information like: shift progress, number of working 
hours per day, indispensable resources for oarrying out 
a given job etc./. 
8, Replaoing standard prints of optimized program packages 
by output sheets in a form and contents adopted to requirements 
and interpretation abilities of users on different mruu~prnent 
levels. 
9. "Transfern of all the most labour-oonsuming planning 
functions, connected, for example, with the predicted evalua- 
tion of the economic effioiency of planning variants, balan- 
cing, forecasting the volume of needed resources, recording 
of planning reports etc. 
Although the introduction of many mentioned prinoiplea gmd 
solutions into the management practice is extremely difficult, 
it seems, that their.lgerformance c m  and should lead to 
quality changes, both in mr?.lllers and planning methods through- 
out the Polish hard coal mining industry. 
3. FUNCTIONAL RANGE OF COM~RIZATION SYSTEMS OF PUNNING 
A C T M T Y  
When realizing the principle of computerising by stages / in 
accordanoe with the adopted priorities/ planning of all kinds of 
activities of the coal m i n i n g  industry 3 groups of planning 
systems were distinguished in the MODEL, namely: 
- planning systems of productio~i and investment, w l l i c h  realize 
forecasting the effectiveness and optimation of long-rang-, 
five-year and annual plans of production and investment 
activities of coal mining industry, 
- planninp systems of auxiliary activity which include opera- 
tional planning of production and development work in hard 
ooal mines, central many y e w s  planning of fundamental 
investments realization and executive potential and short- 
term operational planning in the scale of enterprises and 
areas of building-assembling and mining work, 
- planning systems of service activity nhioh computerise 
planning of remaining economy fields managed, as a rule, 
by specialized central o r m z a t i o n  units of the coal 
mining industry . 
The tasks performed in the management process by particular 
systems entering into the composition of the mentioned, three 
XI. groups are as follows . 
A , P l a n n i n g  s y s t e m s  o f  p r o d u c t i o n  
a n d  i n v e s t m e n t  
1. System of long-ranae planning of mines construction ar~d 
development /sPP/. 
- Forecast of economic effectiveness of construction 
and development of mines variants from the viewpoint of 
all-branch criteria, 
x'The deecriptiori of tasks of individual planning systems 
was taken from [ I ? ; ,  
- Foreoasting of productive and economic effects of branch 
dovelopanent and setting of long-range realization schedule 
of indispensable investments, 
2. System of five and one year planning of production 
and modernisation of mines /SPK/ 
- Optimum /from the viewpoint of all-branch economic 
criteria/ allocation of produotion in individual seams together 
with the choice of extraction technology and pointing to the 
most effeotive modernisation investment in particular mines 
and panels. 
- Distribution between particular mines of the most effectiv 
equipnent which due to the limited attainability is being 
dispensed through an all-branch "allooation by tendern, 
B , P l a n n i n g  s y s t e m s  o f  a u x i l i a r y  
a c t i v i t i e s  
1, System of operational planning of production in mines /SPO/ 
- Optimation of operational plans of shift system of work 
at faces and of amount of personnel in the principal 
professional groups servioing technological lines. 
- Evaluation of the output volune attainable as result 
of application in existing production lines of n e w  face 
equipment and the increase of the amount of personnel in 
particular professional groups. 
- Planning analysis of variants in the development 
of production front, 
2. System of operational planning and control of the 
development works /SPO-RP/ 
- Fixing and updating every month tho manning and 
equipment plans and time scheduling of development and moder- 
nization works jobs acoording to their advancement in the 
past month and also the attained in this time progress of 
production r'acee - allowance being made for availability 
of resource8 /employment, equipment etc,/, 
3. System of central planning of investment realization 
and executive potential /SYSPRI/ 
- Annual and five-year planning of investment outlays, 
- Central distribution of investment executive potential 
for particular undertakings, tasks and investment projects 
assumed in the annual and five-year investment plan, 
- Simulation analysis and assessment of effects which 
are to be anticipated in the case of inoreasing or reducing 
the potential of particular execution sectors /change of 
dates of putting into operation the investment projects, 
influence of such changes on the production volune etc,/, 
Short-term planning of jobs in the investment execution 
/ SOPR / 
- Balancing the jobs assumed for realization in annual 
plans. 
- Short-term planning of demand for basic resources 
necessary for investment realization, 
- Fixing and updating every month the manning and equipment 
plans and the time scheduling of requirements jobs concerning 
the projects aocording to investment plan and principles of 
rational management of equipment and human resources. 
C . P l a n n i n g  e y a t e m e  o f  s e r v i o e  
a o t i v i t y  
machinery and equipment /SCGZ/ 
- Forecasting of consumption and preparing supply plans by 
assortments 
/6f spare in particular quarters of the nearest planned year. 
- Correction of the plan of spare supplies in particular 
quarters of the planned year. 
- Long-term forecasting of oonsumption and preparing long-term 
optimieed plans of spare supplies. 
2. System of oentral plannina of supply with basic mine 
equipment /SCGW/ 
- Assessment of the state of usefulness of the available 
equipment from the viewpoint of scrapping policy, 
- Variant assessment of possibility and effects of supplying 
mines with new types of machinery and equipment allowing for 
processing capacity of factories and profitability of overhaul 
of the actually utilized equipment, 
- Demand forecasting and optimum purchase plan of mine equip- 
ment in engineering works together with the plan of withdrawal 
of obsolete and introduction of new equipment types. 
3. System of overhaul policy planning /sCGR/ 
- Planning and monitoring of overhaul jobs carried out for 
hard coal mines. 
- Assessment of the processing potential of repair shops 
together with prognostic evaluation of effects of engaging 
this potential for overhaul of equipment, 
- Forecasting of demand for economically justified overhaul 
services and drawing up the optimum overhaul plan, 
- Planning of technical preparation of overhaul production 
in the central repair shops. 
4. System of central plamning of coal sales and deliveries /SPZU 
- Forecasting of the demand for coal with its consumers 
with allowance for development of technique and increase of 
effectiveness of coal utilization, 
- Optimation of the plan of coal deliveries, its transpor-c 
and reserves being at consumers and mines, 
5, System of central planllina of material supply in the coal 
m i n i n ~  industry /SPZhl/ 
- Prognostic balancing with reserves for material demands 
for nearest year. 
- Optimation of the plan of centralized orders for materials 
and the schedules of their delivery together with opthation 
of the extent and scope of activities of the network of central, 
district and mine stores. 
- Long-term forecasting of material oonsrmption. 
6. System of central planning of employment wages and staff 
development /SCGK/ 
- Forecast of the size of employment required for implemen- 
tation of the plan of production in the nearest year and 
five-year period having regard to the anticipated introduction 
of technical and organization progress. 
- Prognostic balancing of demands in the scope of employment 
with the anticipated employment in the nearest year and 
five-year period. 
- Optimation of the plan of making up the a p l o ~ e n t .  
7. System of planning of variant solutions in the scope 
of production investments /SPMT/ 
- Current assessment of economic effectiveness of comrnissio- 
ned underground modernization investments toghether with 
comparative analysis of efficiency of the design and oonstructia 
solutions used. 
- Selection for investors and design offices of - under the 
given conditions - the most effective design and construction 
solutions as a basis for drawing up variants of modernization 
investments, 
8 ,  System of planning forecast and effectiveness control 
of research, development and implementation works /SPBH/ 
- Forecasting of cost and effectiveness of products of 
research and development works together with revision of the 
worked out forecasts af'ter completion the research and 
development phase. 
- Planning control of economic effectiveness of research 
and development problems, subjects and tasks as well as of 
institutes and organisation units implementing these works, 
9, System of planning of finances and exporting services /SUET/ 
- Forecast and plan of the extent of demand for particular 
kinds of funds with regard to the sources of their financing. 
- Forecast of demand of the foreign countries for services 
rendered directly by the mining sector together with the plan 
of their implementation in the nearest year and the five-year 
period. 
Source data indispensable for realization of the mentioned 
functions are attained by planning systems primarily from 
analytical accounting systems, Flow of information between 
individual systems is presented on fig. 1. 
In further sections the attention has beon focussed on the 
most important solutions adopted in the planning systems of 
production and investment as well as in fundamental systems 
of planning auxiliary activities i.e. in systems in which 
overwhelming majority of proble~lls having the most essential 
influence on the e9fectiveness of management in the coal mining 
industry are being determined. 
4, SYSTEM OF LONG-RANGE PLANNIWG OF CONSTRUCTION AND 
DEVELOPMENT OF MINES /SPP/ 
The range of tasks presented in the precedent seotion, 
falling to the SPP systen is realized in two succeeding 
stam. [13] . 
In the first stage technico-economic assessment of effecti- 
veness of variants of oonstruotion of new mines and reconstruc- 
tion, maintenance and liquidation of operating: mines is realized 
by means of the program package of the SPP.1 subsystem, In the 
second stage the selection of the sets of variants of optimum 
mines, from the viewpoint of all-branoh criteria and oonditions, 
is made by means of the program packam of the SPP.2 subsystem, 
The soheme of functioning of SPP.1 and SPP.2 subsystems in the 
process of determining plans of the branch development is ilas- 
trated in fig.2. 
The technical design conceptions of the future development of 
production and inwestment activity of mines are a basis of 
deternixling the eoonomic assessment of variant effectiveness 
of mine perspective development what is carried out by means of 
the SPP.l subsystem i 1  1 , [ . It is assumed in SPP.1 
subsystem that the elaboratfon of suoh conoeptions belongs to 
mine /managemen+-staff and design offices, The conception of oonatruction 
and development of mines according to requirements of the system 
must inolude the scheme of developnent of deposit foreseen for 
extraotion in the period covered by planning, and also informa- 
tion on anticipated technioal level of the future exploitation, 
The scheme of deposit development can contain only the location 
of development workings without determining the time of their 
execution. Data on particular workings designed for realization 
concern only their length and cross section. As far as operating 
mines are concerned the development scheme must reflect also the 
scheme of development of the part of deposit being already under 
extraction. 
The anticipated technical level of future exploitation is 
determined by a small number of concentration indices such as 
e.g. daily output from a single production face, capacity of 
mining cars, average hoisting capacity of extracting vessel, 
processing; oapacity per hour of the coal preparation plant. 
The SPP.1 subsystem admite that, particular conceptions could 
be completed with additional information essential for future 
development of the considered mine, if necessary. Thus limita- 
tions can be imposed on the sequence of mining if it is caused 
e.g. by the conditions of surface proteotion. Limitations can 
also be imposed to the number of simultaneosuly exploited 
production levels. Tho SPP.1 subsystem requires moreover fron 
the designer the determination of the requested size of the 
final output and indication af the the period for which the 
analysis is to be carried out, Thus, the SPP system requires 
fron the designor or planner only these data which are the 
result of their creative work in the designing prooess. 
All the remaining information indispensable for making 
technico-economio analysis of effectiveness of mino varimts 
is drawn by the compu*er from the magnetic file of the SPP 
system periodically updated on tho basis of data obtained 
directly from the system of accounting and analysis of 
produotion processes in mines and the system of investment 
activity of in the coal mining industry(lOs and ISB systems). 
These files contain such data as normatives of headings driving 
progress, pricelists of workings execution costs in various 
oonditioner and by various technologies and also a nember of 
teohnical indices as for inatanoe air quantity which is required 
to be conveyed to the mining panels per each ton of output, air 
speed in various workings etc, 
When the variant of development of operating mine is to be 
analysed, the design and mag~etic file data are completed with 
statistioal data obtained directly from the data bank of system 
of accounting and analysis of production processes in mines(10~ 
syetem and of the system of fixed assets ~ C O ~ O ~ ~ ( I - E A S T  systen$. ) 
These data concern the fixed assets of a mine, its annual 
production oosts, volume of output and actual disposition of 
mining front, 
SPP.1 subsystem analyse technico-economic effectiveness of 
mine variants by means of simulation method connected with the 
[ ] , [12J . The elaborated method of regressive forecasting 9 
simulation program paokage of the SPP.1 subsystem imitates in 
computer the prooess of construction and then exploitation of 
mines. During the simulated construotion of mine the package 
malces suocessive deoisions with regard to the oriterion of the 
earliest possible attainment of output keeping of course all 
limitations resulting from the premises of rational exploitation 
of deposits. In successive determined by the user periods of 
t h e  / e . g ,  monthly, quarterly, serni-annual periods/ examiced 
are the needs for starting new mining panels to attain the 
planned output of a mine. If necessary, decisions are made 
concerning the development of new parta of deposit. In this 
case also dates of construction of particular development 
workings are fixed. Prior to starting the exploatation of every 
new mining; panel the traffic capacity of transport roads and 
ventilation is checked up and also the possible desing limita- 
tions relating to the sequence and mutual advancement of mining 
panels and parts of deposit. The choice of panels for exploita- 
tion takes place on the basis of the conducted economic calculus 
within which the effectiveness of different decisions possible 
in the given situation is compared. The measureof this effecti- 
veness in the SPP.1 subsystem oan be the indices of unit profit, 
unit prime costs, profitability or the index of investment out- 
lays per one ton of output, The choice of one of these indices 
is each time decided by the user of the system which gives 
appropriate information in the order card, 
Forecasting the costs indispensable for deternination of the 
first three indices mentioned above takes place by utilization 
of regressive model of the production costs. The regressive 
model contains a set of funotions of the production process oost: 
in the separated tecl~ologioal cross sections, The actual values 
of independent variables occurring in the model =e in great 
part determined in the simulation process, It concerns primarily 
such variables ae output of the mine and of particular mining 
panels as well as variables describing the development structure 
i,e, length of transport roads, length of operating workings, 
average cross section of workings of particular Zrinds etc, 
The values of independent variables defining the technical level 
of design solutions are evaluated dfreotly from design data 
read into the computer by means of appropriate source documents, 
Fixing; the foreseen size of investment outlays for equipment 
of the mine underground and for erection of surfaoe projects 
is carried out either by means of regression function of fixed 
asaets or by analytical method. In the latter case the &vantage 
is 
/being taken of unit indices of investment outlays written in 
the magnetic file. The outlays for developent work are, however 
always determined by analytioal method u s i w  the price-lists of 
jobs contained in magnetic files of the SPP system, 
Synthetic evaluation of technico-economic effectiveness of 
particular variants of construotion of new mines and reconstruc- 
tion, maintenance and liquidation of operating mines in the 
SPP,I subsystem is realized by means of disoount calculus, 
Full technico-economic characteristics of each considered 
mine variant is presented in a number of results sheets 
containing dynamic characteristic8 defining the output volume 
in succesive years together with its disposition in particular 
parts of deposit, prime costs of production and running of the 
required investment outlays, Apart from tabular statements there 
are presented diagrams of production and extraction costs. There 
are also given the time schedules of realization of investnent 
work and of exploitation of particular m i n i n ~  panels. 
The optimation of the basic decisions in the scope of long- 
range planning of construction and development of mines is 
realized in the SPP.2 subsystem. For its execution, in the final 
phase of calculations oarried out by means of programs of the 
SPP.1 subsystem a set is formed on %he magnetic tape containing 
a collection of twenty five basic indices characterising in 
a synthetic way the technico-economic effectiveness of each of 
tho considered mine variant, These sets of indeces concern the 
suocessive 5 year periods. The mine variants data file hold 
on magnetic tape are supplemented with directives of the mining 
industry management. The directives /split into particular 
five-year plans of the assumed planning period/ define the 
extraction tasks of the mining industry end the assumed limits, 
e.g. in oase of investment outlays. The variants data and the 
directives create input data for SPP.2 subsystem [ 7 ]  . 
On the basis of these data the programs of the SPP.2 subsystem 
generate, the so-called, linear programming matrix fc/r standard 
ICL XDLA program package, During the generation of the linear 
programming matrix additional constrains of tho model are 
automatically created, ~ h e s e ~ ? ~ ~ ~ ~ " $ @ h t a e  that to the actually 
stated version of the mining industry development plan only one 
variant of each considered mine can be cllosen. 
For the designed mines additional constrains can be created 
assuring, by means of linear prowamming, the examination of 
profitability of delay dates of starting their construction 
by five or a multiple of five-years, 
The X D U  program package chooses the variants of mines 
for the long-range branoh plan using the zero-one programming 
procedure, During calculations each of 25 basio technico- 
eoonomic indices of assessment of mine variants can be takon 
into aooount as opfimation criterion, Whioh index in the 
given run should be the basis of fonning the criterion 
function is decided each time by the user of the system who 
gives appropriate information in the source dooument, In this 
document the user determines also the period for which the 
ohosen index is to be optimised, 
In the SPP system the possibility of developing few 
propositions of branch development plane at different sets 
of occuring constrains and different criteria of branch 
developnent has been anticipated, It is assumed that the 
updating of the long-range branch development plans by means 
of the SPP system will be carried out at least once a five-year. 
period with simultaneous keeping the permanent planning 
horizon, 
The optimation reeults are presented in the form of three 
result sheets oontaining synthetic information about mine 
variants which entered into the branch development plan 
and a statement of basic planning indices of the coal mining 
industry for the period oovered by the long-range plan, 
Data oontained in the result sheets of the SPP system facili- 
tate the branch management to make decisions in which 
operating mines and according to which variant the output 
&eptn 
should be increased, in which the output should beYt e present 
level and which mines and according to which variant are to 
be olosed down. It facilitates also solving problems connected 
with the settlement on whioh mining areas, in what time and 
according to which variant; new mines are to be oonstmcted, 
5, SYSTEM OF FIVE-YEAR BND ONE-YEAR m G  OF PRODUCTION 
AND MODEWTIZATION O F  MINES / S W  
SFX System in conditions of full implementation of the 
COMPUTERISED SYSTEM MANAGEMENT MODEL starts the realization 
of its funotions in the period when fundamental decisions 
ooncerning long-range development of particular mines have 
been already made in the SPP system. The predetermined scheme 
of functioning of the SPK system in the process of fixing 
the branch five-year and annual plans is illustrated in fig. 3. 
The basic functions of the SPK system are realized on the 
basis of a speoific "tendern of planning offers prepared 
by mines i5] on the branch scale. These offers concern, the 
so-called, planning sectors and teohnological links of the 
mine, The planning sector is a part of seam separated in the 
mining area and taken into account for mining in the nearest 
five-year period. The technological links from the point 
of view of the SPK system needs are elements of a simplified 
technological scheme presenting the main roads of coal flow 
from sectors to dispatching point at the surface. 
In offers prepared for planning sectors and technological 
links the mines preaent variants of anticipated production 
/modernization/activities, Each variant is characterized by 
mining conditions and foreseen teohnioal level of production 
realized in partioular sectors and links, 
In the information concerning planning sectors the mine 
determines particularly the following geological data: coal 
resource8,type of coal, moisture oontent, ash content, oalori- 
fic value, For each sector the earliest possible date of its 
starting is also given. This date is defined by pointing out 
one of the four time intervals of five-year planning period 
whioh are: first, second and third year of the five-year 
period and the oommon interval for the fourth and fifth year. 
Mining/teobnical data for each produotion offer of a seotor 
includes: mining system, way of getting, kind of supports, 
output concentration of a single longwall in the sector, 
length and height of the longwall, labour oonaumption in the 
aeotor, intensity index of development work, 
In seotorer operating at the moment of data preparation 
the first production offer oharacterizes the actually used 
mining aystem, Each new offer is prepared from the viewpoint 
of reduotion of aotual production costs in the sector. 
In planning sectors for which the proposed planning offers 
take into aocount the use of equipment in short supply in 
the scale of the branch it is necessary to prepare also 
offers not requiring its usage, 
In the information concerning technological scheme for 
every link there are data prepared by mine including daily 
traffic capacity, length, monthly oost of its exploitation, 
For links which are suspected of being able to affect the 
output capacity the mine prepares modernization offers. 
Each modernization offer is charaoterized in the mine by the 
date of its realization and by the new traffic capacity of 
the link it concerns, 
The input data to the SPK system prepared in this way 
by the mines is completed by branoh directives, They state 
the requirements the plan has to meet; they concern parti- 
cularly the total output of paztioular types of coal together 
with their quality parameters and the availability of machi- 
nery and equipment in short supply, 
All the remaining data indispensable for carrying out 
the optimation calculus assumed in the SPK system can be 
evaluated automatically by computer, They conoern the 
anticipated production costs of the plaxmhg offers, price 
of coal sale and investment outlays oonnected with moderni- 
zation of technological links, It should be stressed, however, 
that the solutions of the SPK system assume also the possibi- 
lity of these values being given directly by the plfhming 
servioes of mines, 
Forecasts of production costs of particular planning 
sectors in the SPIC system are stated on the basis of regre- 
ssion model of costs. As far as the operating sectors are 
concerned the forecasts of production costs are verif'ied 
by a certain correction, The value of this correction is equal 
to the difference between costs estimated by means of the 
ree;rossioll function for the past period and the costs virtually 
borne in this period, 
It is assumed that the price of the coal sale foreseen 
for partiuular planning seutors is fixed on the basis of data 
obtained from the system of accounting and analysis of the 
product ion process of the coal mines (10s system) 
The investment outlays oonnected with the modernization 
of technological linka are established on the basis of priue- 
-lists of mining an8 construction assembling jobs written 
in the magnetic file of the SPK system, which are oreated 
and updated on the basis of the data bank of accounting 
and analyais of investment activities in the coal mining 
industry system (ISB systen+ 
Calculations oonneoted with selection of the optimum set 
of planning offers for five-year m d  annual plan of the branch 
in the SPK system are realized by means of XDLA linear 
progmmairrg standard package, The linear programming matrix 
in the lay-out and from fully complying with requirements 
of XDLA package is generated automatically by the appropriate 
set of the SIX system own program8 161. 
In the SPIC system tender of the planning offers prepared 
by the mines is concluded on the basis of one of following 
criteria; minimization of production costs, maximization of 
production value or maximization of profit. For different 
pre-determined conditions e ,g ,  for different output levels 
a number of optimum five-year and annual plans can be obtained. 
In successive versions of plans the area constrains concerning 
e,g, the production capaoities of preparation plants servicing 
several mines or receipt possibilities of coal by railway 
junctions can be also taken into account, In the SPK system 
the possibility of imposing produotion limitations to parti- 
e 
cular planning sectors have been fodeen, These can be, for 
instance, requirements of attaining at least the determined 
output from a sector or limitations of the mining sequence 
in particular planning sectors, 
The essential results of the SPLC system 
are printed on six sheets which contain statements of basio 
indices of each plan at the level of branch, area and mines, 
comparative statements of indices of plans built up according 
to each of three optimation criteria and the comparative 
analysis of planning sectors. 
The set of complementary information given on four result 
sheets is designed for stability analysis of the obtained 
plans at the level of branch management. 
The result sheets of the stability analysis enable the 
assessment of influence of an unit change of constrains given 
when fixing the plan on the value of the optimation criterion, 
From these sheets, moreover, assessment of diminishing; value 
of the optimation criterion is obtained in consequence of 
C 
replaing the offers chosen for plan with those rejected in the 
optimation process as well as evaluation of the influence 
of parametrically changed values of constrains of linear 
model on planning indices, 
6 ,  SYSTEM O F  OPERATIONAL PLA3NING BND CONTROL O F  IIEVELOPbIXNT 
VORJSS /SPO-RP/ 
Basing on the SPK system plans the SPO-RP system gives 
more detailed plan of development and modernization works 
for replacing the oompleted m i n i n g  front with a new one 
in the ooming year. 
The scheme of procedure of the SPO-RP system usage for 
determining operational plans of conducthg development 
and modernisation jobs has been presented in fig. 4, 
The tasks set before the SPO-RP system, formulated in 
section three, are realized by means of network analysis 
methods and more preci6eAy by utiliaation of the ICL WIM. 
program packages 181, To reduce the labour oonsumption of 
preparing the input data SPO-RP system anticipates automatic 
generation of networks of development and modernization jobs 
as well as of the set of data charaoterizing particular 
activities. These networks are generated on the basis of 
statements of development and modernization jobs foreseen 
for realization in the oourse of the nearest 24 months and 
prepared by mines and on the basis of the catalogue of 
typical jobs. 
The catalogue of typioal jobs inoludes the statement 
of all typical i.e, repeatable in the scale of the branch 
or at least in scale of a group of mines, technologies of 
conducting development and modernization work together with 
the required for its realization unit consumption of resources. 
In the catalogue to each typical job is ascribed the name, 
identification number, number of working hours per day, 
progress per one-month, amount of the attained output and 
information on adrniasibility of its interruption in the course 
of realization, The resources of realization ascribed to eaoh 
typical job include the number of manshifts in total and 
broken up by particular professions, unit consumption of more 
important materials and M e  of utilized machinery and 
equipment. As the catalogue of typioal jobs is characterized 
by high stability it is recordered on the magnetic file of 
th; SPO-RP system and is only periodically updated. The user 
, 
giving to the SPO-RP system the network of development and 
modernization jobs determines only the relationship between 
the jobe, The technfco-organization relationship occurring 
during realization of particular jobs and the volume of 
required resources are formed automatically. In the statement 
of jobs foreseen for realization it is emu& to assign to 
each job the number of typical job from the catalogue, 
The data on activities concerning the development and moder- 
nization network are supplemented by the mine with information 
on availability of selected resources in time. Moreover, the 
mine makes out the statement of not limited resources whose 
consumption will be followed during fixing the time schedules 
of the jobs, In order to simplify as much as possible the 
process connected with carrying out the network analyses by 
means of a oomputer a set of instructions and directives &?or 
the PERT package has been prepared in the SPO-RP system and 
registered on the magnetic file, In these instructions t h e e  
kinds of analyses have been foreseen, These are: time analysis 
of the project /oont- all development and modernization 
jobs/, analysis assuming short supply of resource8 designed 
for realization of the project and analysia assuming limited 
time for realization of the project, 
The time analysis of the projeot fixes the earliest and 
the latest dates of realization of particular activities, 
determines aotivities being there on the oritical path and 
oaloulates the reserves of time or delays with regard to the 
directive dates of reaohixag some nodes pre-determined by the 
mine, In two remaining analyses time schedules of jobs are 
prepared with regard to resouroes needed for their realiza- 
tion. In consequence of the e y s i s  assuming short supply 
of resouroes time schedules are obtained in which at the 
oost of possible exceeding of the required time-limits of 
the project execution not-exoeeding of the pre-determined 
level of availability of the specified resources has been 
assured, In turn, in the time sohedule made out on the basis 
of analysis assuming limited time of the project realization 
exoeeding can oocur in the pre-determined limits of resource 
availability, 
In oonsequence of the analyses assuming short supply of 
resources or limited time of project realization apart from 
the mentioned time schedules appropriate balances of limited 
resources and application for the remaining resources are 
attained in the tabular and graphical form, 
The solutions of the SPO-RP system assure also the 
possibility of making out for the group of mines entering 
into an area the synthetic statements of global consumption 
of particular kinds of resources, Such statements can assist 
the area xzmnagement to shift some resources to mines where 
time schedules of realization of development and modernization 
jobs a r e  endangered. 
7 ,  STATE OF RESEARCH/IMPLEMENTATION WOFtK ON COMPfJlrERISATION 
OF P U N N J X G  ACTXVITY IN THE HARD COAL MINING INDUSTRY 
Planning systems distinguished in the Model of Computerised 
System Management in the ooal mining industry are actually in 
different phases of advancement of research/implementation 
work, It results from the adopted priorities of reallaation 
of this work and also from the scale of difficulties of 
substantial solutions. The relatively highest advancement of 
the work has been attained in plannning systems of production 
and investment and in basic planning systems of auxiliary and 
service activities. 
The study and design work on the long-range planning system 
/SPP/ resulted in experimental implementation of simulation 
programs package /SPp.1 subsystem/ in 19 mines which realize 
the technical and economio evaluation of mine developmeut 
variants, About 50 different variants of long-range mine 
development have been analysed by means of SPP.1 program 
package. This package has also been used for analysing the 
effectiveness of merging the mining areas of two hard coal 
mine so 
At the same time for experimental implementation were 
prepared the solutions of the SPP.2 subsystem which enable 
choosing the optimum set of mine variants for the long-range 
plan of the mining branch, 
In consequence of a mine request revealed in the course 
of experimental utilization of the SPP.1 subsystem work is 
actually oonduoted on extension of its functional range by 
analyses enabling making out the schedule of mining the 
deposit with keeping the pre-determined qualitative parameters 
of output such as ash content, calorific value and sulphur 
content, 
System of five-year and annual planning of production 
and modernization investment /SX/ has been brought about to 
the phase of experimental implementation research on the 
scale of mines of four ooalmining areas. The implementation 
research includes solutions of the SPK system whioh makes 'the 
optimum distribution of production tasks between particular 
planning seotors, indicate the most effective modernization 
undertakings and distribute the equipanent in short supply, 
In many cases the resulting information pointing to bottle- 
necks appearing in the capacity of technological production 
links of mines and to reserves of mining front in the five- 
year period has been used by areas and mines as analytical/ 
consulting material being the basis of advance decision 
making aiming at prevention of future production difficulties. 
The attained progress of work on substantial solutions 
of the S X  system allowed in the current year for the 
extention of the range of its calculations by the analyses 
of stability of the attained production plans, The practical 
usefulness of the analyses is actually checked in the mines 
of the Rybnik Coal Mining k e a ,  
Among all systems of production planning the largest range 
of implementation has been attained in the system of operations: 
planning and control of developnent works /SPO-RP/, Up to now 
it has been applied by 52 mines, The results of the system 
are used for preparing the obligatory sohedules of development 
work and as analytioal material for determination of resources 
required for realization of this work, Most frequently mines 
show an interest for the system in periods of accumulation 
of development work or if the dates of starting new longwalls 
are in jeopardy, 
In the range of operational production p1azmi.n~ in hard 
coal mines /sPo/ the work conducted so far was concentrated 
on the problem of optimation of operational plans of the 
work shift system at faces and disposition of the persome1 
in mine /SPO, I /  1 14 ] as well as on the problem of using the 
ICL PERT method for operational planning of development of 
ruin* front in mine / s w , ~ / ,  From the viapoint of the applied 
solutions it is worth to mention the work wioh was conducted 
on the first of the mentioned problems, In the SPO.1 system 
the maximization of the average daily output of nine has 
been adopted as optimation criterion wich at the permanent 
personnel available in the given month and equipment is 
practically equal to maximization of productivity and minimi- 
zation of unit production costs. For analysis purpose in 
the SPP.1 system only longwalls being in normal production 
have been taken into consideration, 
Assi-ent of personnel to particular technological 
lines, allotment of new teohnology and selection of the 
shift system are realized in the SPO.1 system by means of 
original procedure being the combination of methods from the 
theory of reliability, gradients and linear programming, This 
procedure leads to maximization of output by means of such 
a distribution of production between particular shifts that 
the highest number of produotion shifts is ensured in 
longwalls with highest output and least labour consumption, 
and such a distribution of personnel between given technolo- 
gical lines as minimizes losses caused by non-utilization of 
available working time in faces with highest production 
capacities and by means of such an allotment of newly intro- 
duoed equipment which guarantees its maximum utilization, 
It has been assumed in the SPO.1 system that the shift 
output of each longwall can be defined as a product of 
potential output and of the so called reliability function 
of the technological line longwall-loading point which value 
depends on the personnel and equipnent of the line and the 
employed mining technology, The potential output means the 
output which may be attained during the shift if there were 
not any disturbanoes in production caused by break-downs, lack 
of personnel and equipment and other organizational causes, 
The relability functions for paxtioular teohnological lines 
are determined on the baeis of statistioal data oonoerning 
the shifts worked out in the service of teohnological lines 
with personnel divided on face personnel, mechanicians, 
electriciane, carpenters and the remaining personnel and on 
the basis of preoiae information of t h e e  of breaks put in 
order aooording to causes of their formation, 
The SPO.1 system has been experimentally tested in two mines, 
These tests have proved that this system can be effectively 
used only in mines provided with equipment for automatio 
registration of work and break-downs in technological lines as 
well as conducting precise record of shifts worked out on 
behalf of the given line, Since the principles of entering the 
events actually in foroe in the hard coal mines do not create 
conditions for syetematic keeping such reoord, futher work on 
the development of the SPO.1 system has been suspended till to 
the moment of implementation in hard coal mines of an improved 
system of decreeing the economic events which will entail the 
necessizy of decreeing shifts to the speoific sites of their 
working OL' t , 
In all 153 investing units of the coal mining industry first 
transistory segment of the system of oentral planning of 
investment realization and excutive potential /sYsPRI/ has 
been implemented for industrial use, It includes planning of 
annual investment outlays together with the analysis of 
fundamental proportions of plan at the level of direct, superior 
and general investor, In the framework of this segment solutions 
for the ohosen investment tasks have been started which enable 
direct transmission of information input relating to investment 
plans to the state system of oentral planning CENPLAN, 
System of short-term planning of Jobs in the investment 
exeoution /SOPR/ has been implemented for practioal use in the 
range of two segments, The first segment /soPR,~/ basing on 
technico-economio oharaoteristics of jobs on projects presented 
for contracting in the planning year, blances them with the 
working oapaoities of execution enterpriees and their department: 
making up stook of orders, It makes up also collective schedules 
for of investore, investment tasks, assortments of production 
and many plan sheets for general executers, kinds of jobs in 
particular quarters, The seoond segment /soPR,~/, on the basis 
of data oollected in the first segment concerning the planned 
material and financial scope of works and on the basis of 
indices of material and financial outlays per unit of production 
assortment calculated on the basis of statistical data from 
analytical/aooounting systems, makes up annual and quarterly 
plans of costs and total employment, It draws up also the plannec 
demand for wages fund, professional groups of personnel, heavy 
and medium equipment and bulk materials. 
The first of the above mentioned segments of the SOPR system 
has been implemented on industrial scale in five enterprises and 
experimentally in further seven enterprises subordinate to the 
Building and Assembly Division of the Coal Mining Industry, 
Moreover, this segment has been experimentally applied in six 
repairindbuilding plants subordinate to divisions of the coal 
mining industry, The second segment was applied on industral 
soale in three and experimentally in two enterprises of the 
Building and Assembly Division of the Coal E i i n i n g  Mustry, 
Aotually work is being oonduoted on preparation of the 
final version of the third sement of SOPR system, This segment 
of 
utilizing the modified I C L  PERT program package'fnetwork ana- 
lysis will make up the most rational, under the given oonditions 
of resource attainability, plans of realization of building 
assembling and m i n i n g  jobs, Prooedures adopted in this sement 
of the SOPR system are partly based on solutions used in the 
SPO-RP system, It concerns especially the way of automatio 
generation of datailed activity networks, using the magnetic 
file of typical jobs and principles of using the ixlformation 
gathered in the system of aocounting and analysis of investment 
activity in the ooal m i n i n g  industry /ISB/, Aa opposed to the 
SPO-RP system it has been assumed in the SOPR system solutions 
being prepared that the modified ICL PERT program paokap would 
automatically determine the most favourable teobnologies and 
shift systems of executing particular jobs /from among the 
previously prepared set of variants/, Making up the optimised 
schedules of Jobs realiaation the SOPR.3 segment will simulta- 
neously prepare the information input for the aotually 
functioning SOPR,1 and SOPR.2 segments, Thus the role of SOPR.1 
and SOPR.2 segments - after the implementation of the SOPR.3 
segment - will be reduced to printing all-embracing balancing/ 
<: 
planning statements [2 j , 
Considerable progress has been attained in the system of 
planning manamment of spare parts for mining machinery and 
equipment /SCGZ/,lt;Its fundamental modules which include foreca- 
sting; the demands and optimation of the plan of spare parts 
supplies for machines for getting, loading, haulage, for 
powered supports, have been brought to the phase of experimen- 
tal use in five factories of m i n i l l g  machinery, eight central 
repairing shops as well as in the Enterprise of Material/ 
Technical Turnover of the Mining Industry, 
Taking into aocount great variety and variability in time 
of factors influencing the spare parts consumption in the SCGZ 
system a principle has been adopted of simultanecus use of a few 
methods of forecasting the consumption amount of the given 
part, The forecasts of oonsumption for the period of the 
nearest year or for longer periods are determined by means of 
so the called index methods while short-term forecasts by 
methods based on analysis of time series, In the latter case 
the method of exponential smoothing, BOX-~enki& method and 
that based on modified one-parameter BOX- enk kin's formula with 
automatio assessment of smoothing parameter has been m,ostly 
used. The index methods applied in the SCGZ system are based - 
generally speaking - on the usage of relationships arising 
between consumption of particular spare parts and the number 
of maohines in operation and the volume of output attained 
under the given geological and m i n i n g  conditions and by means 
of the technology used, 
It seems that the SCGZ system - though containing still 
a number of prototype solutions - can just now contribute to 
the substantial improvement of the widely understood management 
of spare parts, 
Relatively smaller advancement of work has been attained 
with remaining systems of planning servioe aotivity of the 
coal mining industry. The majority of them i , e ,  systems of 
planning supply with basio equipaent of mines /SCGU/, overhaul 
policy /SCGR,/ ,  ooal sales and deliveries /SPZY/, material 
proourement /SPZM/, employment /SCGIL/ aad planning of variant 
solutions in the r w  of production investments / S m /  - are 
in the phase of f- research and design work, while systems 
of planning and control the effectiveness of research and 
implementing work /SPEW/ as well as of p- export services 
and financial administration /SKEF/ in the phase of conception 
ItandlAng, In SCGW and SCGR systems - parallelly with jobs on 
preparation of their final versions - work has been conducted 
connected with elaboration and implementation of segments and 
modules of these systems of the nature of introductory solu- 
tions, Uhen disoussing the state of jobs on systems of planning 
worth 
service activity of the coal mining industry it isVto mention 
the first, prototype segment of SCGK system being in the fina7 
phase of research and designin6/programming work, which realizes 
by means of Forrester model the forecast of employment size of 
mines indispensable for realization of the assumed plan of 
production in the nearest year and five-year period, 
l'he state of research/design w ~ r k  attained in the Polish 
ooal mining industry on computerisation of planning activity 
and experience gained in the course of implementation research 
carried out so far justify the formulation of the following 
conclusions: 
1, Planning systems as integrated both with one another and 
with analytical/aocounting systems and including the whole 
of production, investment, auxiliary and servioe activity 
of the coal mining industry create hitherto unattainable 
oonditions for improving forms and methods of management, 
They enable in the planning activity the preparation of 
optimum deoisions from the viewpoint of all-branch criteria 
pad oonditions, Equipped with the meohanism of forecasting 
the effeotiveness of the intended aotion and choice of 
optimum variants of solutions they allow moreover to nclosew 
in the computer the decision cycles in all fundamental 
ranges of activity of mines, enterprises and the whole 
branch, 
2, Condition of attainment the high efficiency and effectiveness 
of using mathematical methods in computerised planning 
systems is the application of solutions enabling automatic 
generation of optimation models and direct utilization of 
information contained in data banks prepared in analytical/ 
accounting systems, 
3. Taking into account the growing role of planning in raising 
the effectiveness of management it is advisable to oonsider 
jobs on computerisation of planning aotivity as one the 
most urgent tasks in the complex of works aiming at impro- 
vement of management methods in the hard coal mining industry, 
The works in this range should concentrate in the first 
plaoe on problems of computerisation of long-range, 
five-year and annual planning of produotion and investment 
in thich overwhelming number of problems influencing the 
effeotiveness of management in the coal m i n i n g  industry 
find their settlement, 
SUMMARY 
The initial stage of wide utilization of computers 
and mathematical methods in planning were undertaken 
in the Polish coal mining industry in the 60's. During 
that time several attempts were made to apply network 
analyses, linear programming and simulation methods 
for planning purposes. 
The essential progress in the field of applying 
computers and operational research methods for planning 
problems was attained as a result of work which origi- 
nated at the end of the 60's on the MODEL OF COMPUTERIZED 
SYSTEM MANAGEMENT IN THE HARD COAL MINING INDUSTRY. 
For the needs of computerized planning activities 15 data 
processing systems have been distinguished in the MODEL 
and these systems are not only integrated among themselves 
but also with 20 other analytical accounting systems. 
The planning systems of the MODEL may be divided 
into three groups. The first group is formed by planning 
systems of production and investment, which realize fore- 
casting and effectiveness and optimization of long-term, 
five-year and annual plans of production and investment 
activities of the coal mining industry. The second group 
consists of planning systems of auxiliary activities 
which include operational planning of production and 
development work in hard coal mines, central long-term 
planning of basic investments and executive potential, 
and short-term operational planning in the scale of 
enterprises and divisions of building-assembly and mining 
work. In the third group there are planning systems of 
service activities which computerize the planning of 
remaining economy fields normally managed by specialized 
central organizational units of the coal mining industry. 
The authors have presented, in their paper, the 
functional scope of particular planning systems as well 
as the basic solutions and mathematical methods applied 
in these systems. 
The solutions enabling automatic generation of 
optimized models are applied in the planning systems. 
For the needs of automatic generation the appropriate 
magnetic files have been designed in these planning 
systems. The automatic flow from the analytical accounting 
systems of statistical data have also been applied. 
Replacing the printouts of the standard optimation pro- 
gram packages by means of the result sheets in the form 
and content adopted to user requirements and the inter- 
pretation possibilities on different management levels 
is in common use. 
The solutions of planning systems enable the trans- 
fer of the most labour consuming planning functions 
associated for example, with the predicted evaluation 
of the economic efficiency of planning variants, etc., 
to the computer. Planning systems distinguished in the 
model of computerized system management in the coal 
mining industry are actually in different phases of 
research/implementation development. It results from 
the adopted priorities of realization of this work 
and also from scale of difficulties of substantial solu- 
tions. The relative high advancement of this work 
has been attained in the planning systems of production 
and investment and in basic planning systems of auxiliary 
and service activities. The experiences gained from 
implementation show that the performance of planning 
systems can and should lead to quality changes, both 
in manners and planning methods throughout the Polish 
coal mining industry. 
9 ,  REFERENCES 
1, Czylok A,, Madejsici A,, Wiercioch A: Perspektywiczne plano- 
wanie budowy i rozwoju kopalh w g6rniotwie wegla kamiennego 
/system SPP/, Przeglqd G6rniczy nr 5, 1975. 
2, Czylok A,, Rad-ski J,, Syrkiewicz J,: Operatywne planowa.de 
i przygotowanie rob6t w wykonawstwie inwestycyjnym przemysZu 
weglowego /SOPR/, Preeglqd G6miczy nr 5, 1975. 
3. Giza E,, Glodek B,, Hadejaki A, i i d :  Wykorzystanie algo- 
rytmu wyboru do opraoowania optymalnego planu produkcji 
przodk6w 6oianowych w ko- Bielszowioe, Dokumentao ja 
wewnetrzma GIG OEO, Katowioe 1967, 
4, Giza E,, Glodek B,, Jaoakowski B, i bni: Zastosowanie progra 
mowania liniowego do optymalizaoji rosdziaAu m d d  produk- 
oy jnyoh kopnlrl Bytomskiego Z jednoozenia PW, Dokumentac ja 
Veuqtr- GIG OEO, Katowice 1968, 
5, Glodek B, , Rpo.*o Zb, , Kadhaki A, : Pigcioletnie i roome 
planowanie produkoji i inweatyojimodedzaoyjnyoh w prsemy61, 
wggla Iumienuego /system SIX/, Praeglqd G6rniozy nr 5, 1975, 
6, Glodek B,, Kadhski A,r Model liniowy i jego optymalizaoja 
w systemie SIX, Praca sbiorowa: nZastoaowanie komputerh 
oraz metod statystyki i ekonometrii w aarzqdzaniu bran&qR, 
Uyd, GIG, Katowice 1977, 
7. &jam T,: Wyb6r optymalnych zestaw6w wariant6w romoju k o p u  
w perspektywiozqm p l d e  produkoji i inwestycji, Praca 
zbiorowat Zastosowanie komputer6w oraz metod statystyki 
i ekonometrii w z a r z q d w u  br-4, Uydawnictuo GIG, Katowioe 
1977, 
8, Kujawa T,, Ryczko 2,: Prooedura wykorzystania pakietu PERT 
w systemie SPO-RP, Praca zbiorowa: Zastosowanie komputer6w 
oraz metod statystyki i ekonometrii w zarzqdzaniu bran&q, 
Wydawnictwo GIG, Katowioe 1977. 
9, Liaowaki A,: Statystyozne metody okreSlania doxowej i oddzia- 
xowej wydajno4ci projektowanyoh kopalh, oparte o waka&niki 
koncentracji, Biuletyn Biur Projekt6w Przemys&u ~gglowego 
nr 6, 1962. 
10, Lisowski A,: Elektroniczne przetwarza.de informacji i skompu- 
teryzowane planowanie najskuteo~ejssq drogq do optymaliza- 
oji decyzji w &dctwie, Przeglqd G 6 d c z y  nr 12, 1968. 
11, Lisowaki A,, Giza E,, Glodek S,, MikuZa E, i ismi: ZaZoaenia 
do prac nad alternatywnymi kierunkami r o m o  ju ko- wegla 
kamiennego prw zastosowaniu metod programowania liniowego, 
.MateriaLy dla Departamentu Plan6w Persp&t.yrsicmyoh MGiE, 
Dokumentacja wewn~trzna GIG OEO, Katowioe 1968r, 
12, Lisowski A,: Hetoda regreayjnego progaozowania efektywnosci 
ko- i p61 g 6 d c y o h  dla potmeb planowania, Praca zbiorowe 
Komputeryzacja zarzqdzania, GIG, Katowice, 1972, 
13, Usowski A,, Czylok A,, Madejski A,: Prognoaowanie efektyw- 
noSci wariant6w budowy i rozwoju kopalh weela kamiennego 
w skomputeryzowanym aystemie planowania perapektywicule(yo 
/system SPP/, Praca abiorowa, Komputeryzacji zarzqdzania, 
GIG, Katowice 1972, 
14, Lisowski A,, Rzytka J,, Pisula R,: System operatywnego plano- 
wania organizaoji produkcji w kopalzxiaoh wggla kamiennego 
/system SP0/, Wydawniotwo pod red, A,Usowakiego, Komputery- 
zaoja aarzgdzania, GIG, Katowioe 1972, 
15. Liaowslri A, : Zadnntla i metody komputeryeac ji planowania 
w g6rniotwie wqgla kmdermego, Przeglqd Gbnicayinr 5 ,  1975 
16, Lisowaki A,: Rmkejorral.na ohartakteryatyka ayuten16w planouania 
d~iabUnoboi gomoonio5ej i uslugowe j, Praoa zbiorowa: Zasto- 
s o w d e  komputer6w OM metod statystyki i ekonometrii w za- 
r a q d h u  bramk4, &G, Katowice 1977. 
17, Liaowskl A,, PuweLossyk E,: Model kompttteryrtaoji zarzqdzania 
i jego rocsr6J w pwzislpyble wggla kaqmiermego, h c a  sbiorowa: 
Zastoarowmie k o m p a t ~  oraz metod mtatystyki i ekoaometrii 
w -zqcbaaaiu braarLq, GIG, Katowioe 1977. 
18, FkweLozyk E,: Komguteryzacji zars@zaaia w praemyble 
wpelowym,. eaeglqd hganilsaoji nr 11, 1976, 
1 9, PaweLczyk E, , Hornik R, : Vr6blewski Z,.: Skomputerpowane 
planowanie goapodarki cep$ciami eamiennymi do maszyn 
i urzqdzd g 6 d c z y o h  /system SCGZ/, Preeg1q.d Gdrniczy 
= 4, 1977. 
20, Praca zbiorowa: Dohwiadoaenia ze stosowania siatek czynnodci 
/PERT/, GIG Katowioe 1966, 

Mqnrtrr Ealr. ocla 
n o r m s c i v u u  o r  p r o g r a b s u t  o r  
d r l v r n g  cha haod lnqa  
- e t t s i n e d  r e c h n l c o -  - p r i c o - l ~ s t w  o f  ~ f ~ v n h f n o . .  1 ~ 0 ~ 6 .  
economic  i n d i c e s  - r o g r e e a i o n  model  o f  p r o a u c r  l , ~ '  
\ i c o s t s  and fixed a o a o t s  \ ,/ - o t h e r  d e e l g n r n c ~  l # ~ i ~ r c o e  
- 3 u . i ~  datd 
o n  v a r l a n r a  o f  
- method o f  
E t f e c t l v a n ~ e s  a r r ~ b s -  
msnt o f  minb v - I  lo%- 
-'- c h r r a c t a r i a t i c m  - echedu lae  o t  r n l l , l n ~  
a QI o f  d e p o o l t  t h o  depoa i c  
e 4  
C D  - d a r i g n e d  t e c h n t t  - rch.dulsr o f  d ~ ~ e l s -  20' c r l  l r vml  o f  poan t  work 
- Outpu t ,  p r o d u c r ~ o n  
Colt., lnvd6rua l lC 
outlays O I V ~ U ~ J  an 
y e a r s  and a ~ p i ~  : c  
par t .  
- techn ico-aconomlc  
i nJ i cu .  o f  mine 
v a r i a n t 8  
t o r e  f o r  t h e  p l a n  
o t  the b r r n o h  
t h o  p l a n  a f  rnm SynthmtLo t r c h n l c o -  
economic  Lnd1o.m o f  
- l i m i t *  o t  m ine  davo lopnen r  
var imnt .  
- o p t i m a t i o n  
c r i t e r  i o n  
- P l a n  o f  b ranch  
dov.lope.nt 
C o n t r o l  and - c h e r a c c ~ r ~ a t 1 ~ .  
o f  *in. v a r r o n c r  
choaan f o r  p r a n  
- teChnicO-aconsml i  
i n d r c r a  o f  r n a  p l a n  
F i g .  2. Scheae o f  p r e p s r a t i o ~ j  o f  lonrl-range p l a n s  o f  d r v ~ l o p m e n c  o f  h a r d  c o a l  
b r a n c h  by 08en. o f  t h e  , i P d  , , J c , l ~ ~ n  
9 SW 3Y5TEM 
1 I"' 5Y'"" 1 
,/ 
tha dapoa i t  
S t a e i s t i c a l  a a r a  
k g n e t u  file d a b  
- p roduc t i on  cos t8  
- p r i c e - l i r t r  o f  - p r i c a  o f  c o a l  
moda rn i za t i on  l o b e  ea la  i n  ope ra t i ng  
- regreamion model o f  p l ann ing  eac to r r  
p r o d u c t i o n  coa ta  
t a c h n o l o g i c a l  ache88 , 
- model o f  da te rm in i ng  
p r i c e e  o f  c o a l  s a l a  
L\ \ 
l n e  mine 
and r f i vo -yadr  p o r i o d  
p r o d u c t i v i t y  o f  8Ph 
-C p r a p r r a r r o n  e a t r b l l -  
ehmant a a r v i o i n g  r 
?mu minae 
. c a p r a r t y  o f  r r r t r y  
J unc t rona 
Five-yaar  and annual  
p lane  o f  p roduc t i on  
r n d  aoda rn i za t i on  
and r s r u l t r  invaetmrnca 
ehoota - tochnico-aconomic 
i n d i c a a  o f  mine 
- ou tpu t  t a r k a  o f  
p lmnning aac to ra  
ou tpu t  tmaku o f  t ha  
brancn - a l l o rmon t  o f  
equipment i n  r h o r t  
q u a l i t y  pareae to ra  o f  I aupp ly  t o  the p lan-  
ou tpu t  I 1 n i n g  eac to re  
L i a i t a  o f  aquipmont I I - c o l l a c t i v e  r t a t rmen r  ir r h o r t  r u p p l y  I o f  p l a n  i n d i c e e  o f  I 
o p t i m a t i o n  c r i t e r i a  the  branch according 
t o  rhe pra-determinmd 
c r i t e r i a  
Fig. 3. Schame o f  p r e p a r a t i o n  o f  annua l  and f i ve -year  b r a r ~ c h  p l ans  by aeens o f  the  
r y b r e m  SPK 
Schadular o f  conducting 
product ion  face8 
Or to  on  dovohpe8nt  
w r k  - a t r r t l n g  darar 
o f  nem front. 
I o f  mining work 
- atat-nt  o f  
dmwlopunt j o b  
- r t a t o a n t  o f  




Plan o f  davaloparnt 
pork  
C o n t r o l  
and r a r u A t r  - achrdula o f  Job; 
ahoat. LJ - h i r t o g r a r a  o f  conrumptlon o f - e.t10 ua o f  maanr m r m l  job. - rraramant o f  u t i l i z a r i o n  o f  maanr i n  
Fig. 4. S c h a n  o t  u t i l i z a t i o n  o f  rho SPO-RPSA&~ t o r  d o t a r a i n i n g  tha o p a r r t i n g  
p l a n  o f  dawlopmont and m o d a r n i t r t i o n  work i n  cha a i n o  
